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Enteric methane production lowers the efficiency of feed utilization in ruminants and contributes to 
greenhouse gas emissions which are responsible for global climate change. This study examined the 
effects of nine essential oils (EO) from Citrus aurantifolia, Cymbopogon citratus, Eucalyptus citriodora, 
Laurus nobilis, Lippia multiflora, Mentha piperita, Ocimum basilicum, Ocimum gratissimum and 
Zingiber officinalis on enteric methane production in in vitro batch cultures screening experiments 
using Andropogon gayanus grass. Two in vitro batch culture incubation runs were conducted 
independently on separate days at two different ranges of dosages: 0 (control), 150, 300, 600 and 1200 
mg/L inoculum and 0 (control), 25, 50, 100 and 150 mg/L inoculum. The effects of EO on in vitro gas 
production, methane production and apparent dry matter disappearance (DMD) were assessed relative 
to the control containing no additive. O. basilicum, E. citriodora, O. gratissimum and C. aurantifolia, 
significantly inhibited (Z’ ˃ 0 and relative decrease ≥ 15%) enteric methane production (g DM incubated) 
relative to control at dosages of 300-1200 mg/L and L. nobilis, C. citratus and M. piperita significantly 
decreased it at 600 and 1200 mg/L. A substantial decrease (Z’ ˃ 0 and relative decrease ≥ 15%) in 
methane production per g DM incubated was apparent for Z. officinalis and L. multiflora at dosage of 
1200 mg/L. Most EO had globally negligible effects on methane production (Z’ ≤ 0 and relative decrease 
< 15%) at dosages of 25 to 150 mg/L. Substantial decrease in apparent DMD together with gas 
production (g DM) incubated was observed relatively to the control with Z. officinalis and L. multiflora at 
1200 mg/L and with the remaining EO at 600 and 1200 mg/L. Overall, this  screening investigation 
demonstrated that addition of assayed EO (except Z. officinalis and L. multiflora) at dosages close to 
300 mg/L seem to potentially decrease enteric methane production with limited negative effects on dry 
matter digestibility of forage grass in vitro.  
 
Key words: Essential oil, in vitro, rumen, digestibility, methane production. 

 
 
INTRODUCTION 
 
Methane is known as a potent greenhouse gas and its 
accumulation in the atmosphere is thought to be a key 
factor in global  anthropogenic  warming  besides  carbon 

dioxide and nitrous oxide (Intergovernmental Panel on 
Climate Change, 2013). One of the significant contri-
butions to the  increase  of  methane  in  the  atmospheric 
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Table 1. List of medicinal plants (scientific name, common name and registration number) and plant parts from which the 
essential oils were extracted. 
 

Scientific name of plants Common name Registration number Plant part Yield (%) 

Citrus aurantifolia (Christm). Swing Lime AP 2086 HNB Fruit peel 0.8 

Eucalyptus citriodora Hook  Lemon scent AAC 181 HNB Leaves 2.57 

Laurus nobilis L. Laurel AP 2065 HNB Leaves 0.25 

Mentha piperita L. Peppermint AAC177 HNB Leaves 0.7 

Ocimum gratissimum L. African basil AAC 176 HNB Leaves 0.7 

Zingiber officinalis Rosc. Ginger AP 2095 HNB Rhizomes 1.0 
 
 
 

concentration is by the rumen microbial fermentation in 
domestic ruminant livestock (Lassey, 2007). Therefore, 
the interest in modulating the rumen microbial 
fermentation occurring in ruminant has been increasing 
with reduction in enteric methane production being the 
ultimate target. To this end, a number of strategies were 
recently explored using products with antimicrobial 
properties including plant secondary metabolites of 
enteric fermentation which is mediated by microorganism 
activity in the rumen (Ribeiro et al., 2015; 
Satyanagalakshmi et al., 2015). Most plant extracts are 
considered as safe in animal production owing to their 
natural source unlike chemical additives and antibiotics. 
As a result, it has been demonstrated that essential oils 
(EO), among other researched natural products, can 
favorably alter rumen microbial fermentation and reduce 
enteric methane production owing to their antimicrobial 
activity (Bodas et al., 2012).  

Antimicrobial properties of EO depend on their chemical 
composition, which is a function of plant species, 
harvesting seasons, geographical origin, analytical 
methodology and the plant organ used (Burt, 2004). 
Many EO have been shown to inhibit methane production 
in in vitro incubations at high doses together with a 
decrease in total volatile fatty acid concentrations and 
feed digestion (Benchaar and Greathead, 2011). There is 
a challenge in identifying EO that could potentially benefit 
ruminal fermentation and lower methane production. 

 

Therefore, this study aimed to screen the effects of EO 
from medicinal plants acclimated to Benin on methane 
production from rumen microbial fermentation of 
Andropogon gayanus grass using in vitro batch cultures. 
The plants were selected because their EO are edible and 
commonly used in medicinal pharmacopoeia in Benin.     
 
 
MATERIALS AND METHODS  
 

In vitro experimental design and treatment 
 

The EO were evaluated for their effects on methane production, 

gas production and apparent dry matter disappearance (DMD) 
relative to the controls (inoculums plus substrate without EO) in in 
vitro batch cultures using A. gayanus grass. Essential oils were 
tested in an initial screening in a single run as suggested by 
Secundino et al. (2010) at 4 dosages of 150, 300, 600 and 1200 
mg/L inoculum (run 1) as used in a previous study (Benchaar and 
Greathead, 2011), which observed that most EO inhibited methane 
production at dosages above 300 mg/L. Based on the results from 
this experiment where apparent DMD and gas production 
decreased with most EO at dosages between 300-1200 mg/L, all 
EO were evaluated in a second incubation run at lower dosages of 
25, 50, 100 and 150 mg/L (run 2) to limit their adverse effect on 
apparent DMD. 

Incubation sets containing only inoculum served as blanks and 
were used to correct fermentation residues, gas and methane 
production resulting from the inoculum. In the preliminary and 
second screening assays, a single incubation run was carried out 
as suggested by Secundino et al. (2010) and each treatment as 
well as control and blank samples were tested in triplicate.  
 
 
Essential oils 
 
Six EO were prepared by processing various parts (leaves, 
rhizomes or fruit peel) of six medicinal plants (Table 1) as 
previously described by Baba-Moussa et al. (2012). The plants 
were collected by the departments of Ouémé (Porto Novo, Sèmè, 
Djérègbé), Plateau (Kétou) and Zou (Setto) in Benin and were 
botanically identified by the National Herbarium of Benin where 
their voucher specimens were deposited. For each EO, appropriate 
plant fractions to obtain the desired volume were collected from 
many plants with combination of all collected samples. The EO 
were extracted from the collected plant materials after 72 h of air-
drying by steam-distillation for 180-240 min using a Clevenger-type 
apparatus (Clevenger, 1928) and EO composition was analyzed by 
gas chromatography coupled to mass spectrometry (GC-MS). In 
steam distillation, vapours of the volatile components were carried 
from a plant material by steam, which was produced from water 
contained in a heated round-botton flask. The resultant mixture of 
steam flow and oil vapour was condensed in a refrigeration tube, 
and then collected in a Florentine flask where water and oil were 
separated. A gas chromatograph (DELSI GC 121 G, Type 300 
N°464, DELSI instruments: 92, Surenes, France) equipped with a 
flame ionization detector and a capillary column (CP WAX 52 CB 
made by Chrompack, Middelburg, Netherland; length 25 m × 0.25 
mm interior diameter, 0.25 µm film thickness) was used. GC-MS 
was performed (model 5970, Hewlett-Packard, Palo Alto, CA, USA) 
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using a DB-5 non-polar capillary column (length 25 m × 0.25 mm 
interior diameter) with ionization energy of 70 eV. The column 
temperature was kept at 50°C for 5 min and programmed to 
subsequently increase at a rate of 5°C/min to 300°C. Essential oils 
constituents were identified on the basis of their Kovats retention 
indices and mass spectral fragmentation, using standards, literature 
data (Adams, 2001) and an established laboratory data bank 
(Laboratory of Pharmacognosy and Essential Oils at the University 
of Abomey-Calavi, Benin). 

An additional three EO extracted by hydrodistillation and 
analyzed by GC-MS as reported in Baba-Moussa et al. (2012)  
were obtained from the Laboratory of Pharmacognosy and 
Essential Oils at the University of Abomey-Calavi (UAC), Benin. 
The main components in these EO were (%): estragole, 84.98 for 
O. basilicum; geranial 7.17, thymol 8.46, eucalyptol 10.09, and p-
cymene 21.89 for L. multiflora; and myrcene 10.78, neral 30.75, 
and geranial 39.42 for C. citratus.   

 
 
Fermentation substrate  
 
The aerial part of A. gayanus grass was collected by cutting plants 
10 cm above the soil surface at the flowering stage during July and 
August 2012 at the pilot farm of the Faculty of Agronomic Science, 
UAC, Benin (longitudes 1° and 30°40’ East). The grass was sun-
dried over a period of 3 days followed by oven drying at 60°C for 48 
h. Grass was then ground through a 1 mm screen with combination 
of all the collected samples before use as the fermentation 
substrate.  

 
 
Ruminal inoculum and in vitro batch incubations 
 
Two ruminally fistulated non-lactating cows fed barley grain and 
barley silage in a DM ratio of 1:3 were used as donors of rumen 
fluid for the entire study. Cows were cared for in accordance with 
standards set by the Canadian Council on Animal Care (CCAC, 
1993). Rumen fluid was collected 2 h after the morning feeding by 
straining rumen contents from four sites within the rumen through 
four layers of sterilized cheesecloth into pre-warmed insulated 
containers. Collected rumen fluid was transported immediately to 
the laboratory under anaerobic conditions, pooled in equal portions 
and mixed with a mineral buffer (Menke et al., 1979) in 1:2 ratio to 
prepare the rumen microbial inoculum. 

The in vitro batch incubations were conducted as described by 
Wang et al. (2000). Incubations were performed in 125-mL serum 
vials pre-loaded with 500 mg of substrate and warmed to 39°C. 
Inoculum (40 mL) was dispensed under a stream of O2-free CO2 
and an appropriate amount of each EO was added into the 
inoculum by using a pipette to obtain the final desired 
concentration. Vials were immediately sealed and affixed to a rotary 
shaking incubator (120 revolutions per minute) at 39°C for 48 h.  

 
 
Sampling and analysis  
 
Gas production from each of the three culture vials used for each 
treatment as well as control and blank was measured at 6, 12, 24 
and 48 h of incubation using a water displacement technique 
(Fedorak and Hrudey, 1983). Prior to measuring of gas production 
at each time point, 10 mL of headspace gas was sampled for 
methane analysis (Chaves et al., 2006; Wang et al., 2008).  

After 48 h of incubation, each vial was removed from the 
incubator and its content was transferred into a pre-weighed 50-mL 
centrifuge tube and centrifuged at 500 ×g (4°C, 10 min) to obtain a 
solid fraction (fermentation residue) containing undegraded 
substrate and residual  feed  particle-associated  microbial  biomass  

 
 
 
 
(Narvaez et al., 2013). The fermentation residue from each vial was 
washed with dH2O and centrifuged (500 ×g, 4°C, 10 min) two times, 
then dried at 50°C and weighed to determine apparent DMD 
(Narvaez et al., 2013). 

The substrate was analyzed for dry matter (DM) and organic 
matter (OM) content as described by Association of Official 
Analytical Chemists (AOAC, 2003), neutral detergent fiber (NDF) 
and acid detergent fiber (ADF) as described by Van Soest (1991). 

Heat-stable α-amylase and sodium sulphite were used in NDF 
procedure and expressed inclusive of residual ash. Combustion 
analysis (NA2100, Carlo Erba Instruments, Rodano, Milan, Italy) 
was used to determine N. 

 
 
Calculations and statistical analysis 

 
At each incubation time point, cumulative methane produced was 
calculated (López et al., 2007) and total net gas production per g of 
DM incubated (considering the 10 mL sampled for methane 
analysis) or methane production per g of DM incubated was 
estimated by subtracting the mean values of blanks from that of the 
control and test vials. Net cumulative methane and gas production 
per g of DM incubated were estimated after 48 h of incubation. The 
apparent DMD was calculated as the difference between incubated 
weight of the substrate and the dry weight of the fermentation 
residue corrected for residue weight in the blank (Narvaez et al., 
2013).  

Because the incubation run was not repeated in each screening 
trial, the statistical evaluation of results from this study was limited. 
Therefore, the statistical Z’ (Z-prime) factor was calculated as 1-3 
(σtest + σcontrol)/|μtest - μcontrol|, where σ indicates standard deviation 
and μ indicates mean, and it was used to assess the separation 
between test (EO treatment) and control values regarding net 
cumulative methane production, net cumulative gas production and 
apparent DMD after 48 h of incubation (Secundino et al., 2010). 
Test and control values were declared overlapping at Z’ ≤ 0, 
whereas both values are different when Z’ ˃ 0 (Secundino et al., 
2010).  As the acceptance criterion required for Z’ to be confirmed 
as a sample with a substantial decrease in methane production was 
not established as observed by Secundino et al. (2010), the effect 
of each treatment on methane production relative to the control was 
expressed as the percentage of induced change (increase or 
decrease) in methane production as compared to the control using 
the equation R = (μtest − μcontrol) × 100/μcontrol where R (%) = relative 
effect of EO on methane production, μtest = net cumulative methane 
production after 48 h of incubation with a given treatment; μcontrol = 
net cumulative methane production after 48 h of incubation from the 
control (Secundino et al., 2010). Relative decrease (R) in methane 
production (per g of DM incubated) with addition of EO was 
considered as significant when Z’ ˃ 0 and R value was 15% or 
higher as Secundino et al. (2010) observed from previous 
laboratory studies which shows that a plant causing a relative 
decrease of 15% or higher can be considered a promising plant 
additive deserving further investigation.    
 
 
RESULTS  
 
Chemical composition of fermentation substrate and 
essential oils   
 
The substrate used in this study had nutrient composition 
(g /kg in DM) of OM 920, NDF 679, ADF 347 and CP 
105.  

The main components in EO analyzed by GC-MS in the  
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Table 2. Main volatile components (≥ 1%) in plant extracts analyzed by GC-MS. 
 

Scientific name of 
plants 

Number of identified 
compounds 

Oxygenated 
compound (%) 

Main components % 
Kovats retention

a
 

index 

Citrus aurantifolia 34 16.44 

α-Pinene 1.96 935 

β-Pinene 8.39 979 

p-Cymene 14.23 1027 

Limonene 51.37 1032 

γ-Terpinene 1.03 1060 

α-Terpineol 6.84 1198 

β-Bisabolene 1.31 1510 

      

Eucalyptus citriodora 21 52.38 

Citronellal 76.47 1088 

Isopulegol 1.11 1191 

Citronellol 3.18 1252 

Neoisopugenol 3.98 1319 

Citronnelyl acetate 3.13 1370 

γ-Elemene 1.18 1376 

Methy leugenol 2.62 1430 

Trans-paramenth-3,8 diol 1.37 1435 

Cis-paramenth-3,8 diol 1.06 1511 

      

Laurus nobilis 22 59.06 

Oct-1-en-3-ol 1.75 982 

Myrcene 29.09 991 

p-Cymene 1.26 1026 

Limonene 5.00 1031 

1,8-Cineole 1.87 1035 

Linalol 1.95 1101 

Chavicol 9.21 1255 

Eugenol 42.50 1357 

      

Mentha piperita 25 92.51 

Limonene 1.60 1031 

Menthone 28.49 1161 

Isomenthone 3.10 1168 

Neo-menthol 1.82 1173 

Menthol 45.53 1184 

Piperitone 6.59 1258 

Menthyl acetate 5.73 1292 

      

Ocimum gratissimum 39 33.58 

α-Thujene 5.80 928 

α-Pinene 1.69 935 

Myrcene 4.76 991 

α-Terpinene 1.25 1019 

p-Cymene 19.95 1028 

Limonene 1.17 1031 

γ-Terpinolene 17.52 1061 

Terpinen-4-ol 1.09 1183 

Thymol 27.56 1295 

α-Selinene 2.81 1495 

Caryophyllene oxide 1.73 1588 

   α-Pinene 3.70 935 

   Camphene 10.79 952 

   β-Phellandrene 5.00 1033 
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Table 2. Contd. 
 

Zingiber officinalis 35 12.59 1,8-Cineole 4.12 1035 

   Terpinen-4-ol 1.31 1183 

   Geranial 1.94 1269 

   ar-Curcumene 11.64 1484 

   α-Zingiberene 19.16 1498 

   γ-Bulgarene 8.12 1505 

   β-Bisabolene 7.17 1511 

   β-Sesquiphellandrene 8.57 1527 

 
 
 
current study are presented in Table 2. The EO Citrus 
aurantifolia mainly contained limonene (51.37%) and p-
cymene (14.23%). The major compound in Eucalyptus 
citriodora was citronellal (76.47%). Those in Z. officinalis 
were camphene (10.79%), ar-curcumene (11.64%) and 
α-zingiberene (19.16%). Laurus nobilis was chiefly rich in 
chavicol (9.21%), myrcene (29.09%) and eugenol 
(42.50%). Mentha piperita mainly contained menthone 
(28.49%) and menthol (45. 53%). The abundant 
components in O. gratissimum were γ-terpinolene 
(17.52%), p-cymene (19.95%) and thymol (27.56%).  
 
 
Effects of essential oils on in vitro rumen microbial 
fermentation 
 
Incubation run 1 
 
Off all the EO, O. basilicum, E. citriodora, O. gratissimum 
and C. aurantifolia significantly inhibited (Z’ ˃ 0 and 
relative decrease ≥ 15 %) methane production per g dry 
matter (DM) incubated at dosages of 300-1200 mg/L, 
whereas apparent DMD and gas production per g DM 
incubated were decreased (Z’ ˃ 0) mainly at 600 and 
1200 mg/L relative to the control (Table 3). A substantial 
decrease (Z’ ˃ 0 and relative decrease ≥ 15%) in 
methane production per g DM incubated was apparent 
together with a reduction (Z’ ˃ 0) in apparent DMD and 
gas production per g DM incubated for L. nobilis, C. 
citratus and M. piperita mainly at dosages of 600-1200 
mg/L. Z. officinalis and L. multiflora significantly inhibited 
(Z’ ˃ 0 and relative decrease ≥ 15 %) methane production 
per g DM incubated at dosage of 1200 mg/L together with 
a reduction (Z’ ˃ 0) in apparent DMD and gas production 
per g DM incubated at 1200 mg/L.   
 
 
Incubation run 2 
 
Most EO had globally negligible effects on methane 
production (Z’ ≤ 0 and relative decrease < 15 %) at 
dosages of 25 to 150 mg/L (Table 4). At such dosages, 
EO  treatments  and  control   were   overlapping   (Z’ ≤ 0) 

regarding apparent DMD and gas production per g DM 
incubated.   
 
 
DISCUSSION  
 
Chemical composition of essential oils 
 
Results from the present study reveal the specificity in 
qualitative and quantitative composition of the EO from 
each plant species. Essential oil constituents of a given 
plant species may vary depending on harvesting 
seasons, geographical origin, analytical methodology and 
the part of the plant that they are extracted from (Burt, 
2004). This may explain the divergence between the 
chemical composition of EO analyzed in the present 
study and that previously reported for their chemotypes 
(Benchaar et al., 2008; Cimanga et al., 2002; Marzouki et 
al., 2009). For example, a previous report (Marzouki et 
al., 2009) from Tunisia observed 1,8-cineole, α-terpinyl 
acetate and methyl eugenol as main components in the 
L. nobilis chemotype. Benchaar et al. (2008) reported 
camphene (14.1%), ar-curcumene (14.5%) and β-
bisadolene (22.1%) as the major compounds in Z. 
officinalis.  Similarly to this study, O. gratissimum from 
Democratic Republic of Congo was a thymol type, but it 
contained more thymol (53.2%) and less p-cymene 
(7.3%) (Cimanga et al., 2002). Cimanga et al. (2002) also 
identified eugenol and γ-terpinene as main components 
in O. gratissimum chemotype, whereas γ-terpinolene was 
absent. Iscan et al. (2002) identified menthol and 
menthone as major components in four chemotypes of M. 
piperita, but their concentrations were less than those 
found for M. piperita in the present study. A concentration 
of 53.53% was reported by Javari et al. (2011) for 
limonene in C. aurantifolia from Iran, which agrees with 
the results of the present study. Alpha terpineol and γ-
terpinene are among other major components thought to 
be responsible for the antimicrobial properties of C. 
aurantifolia, but their concentrations were higher in the 
previous study than in the present study. The chemotype 
of E. citriodora from Democratic Republic of Congo was 
found to contain 72.7% citronellal (Cimanga et al.,  2002),  
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Table 3. Effects of essential oils (150-1200 mg/L) on gas production, methane production and apparent dry matter disappearance after 48 
of in vitro incubation. 
  

Additive 
Dosages 

(mg/L) 

GP 
(mL/g 
DM) 

Z’ factor 
for  GP 

Methane 
(mL/g 
DM) 

Z’ factor 
for 

methane 

Change in 
methane relative 

to CT (%) 

Apparent 
DMD 
(g/kg) 

Z’ factor for 
apparent 

DMD 

Control 0 160.4 - 44.4  - 456.8 - 

Ocimum basilicum 

150 154.9 Z’ ≤ 0 40.0 Z’ ≤ 0 -10.0 424.7 Z’ ≤ 0 

300 133.7 Z’ ≤ 0 36.2* Z’ ˃ 0 -18.5 355.7 Z’ ≤ 0 

600 104.2 Z’ ˃ 0 30.3* Z’ ˃ 0 -31.8 244.1 Z’ ˃ 0 

1200 52.2 Z’ ˃ 0 22.8* Z’ ˃ 0 -48.6 69.6 Z’ ˃ 0 

         

Cymbopogon 
citratus 

150 154.2 Z’ ≤ 0 38.7 Z’ ≤ 0 -12.8 428.2 Z’ ≤ 0 

300 155.9 Z’ ≤ 0 37.6 Z’ ≤ 0 -15.4 429.0 Z’ ≤ 0 

600 115.0 Z’ ˃ 0 33.7* Z’ ˃ 0 -24.1 288.5 Z’ ˃ 0 

1200 82.0 Z’ ˃ 0 28.6* Z’ ˃ 0 -35.5 175.3 Z’ ˃ 0 

         

Eucalyptus 
citriodora  

150 159.3 Z’ ≤ 0 38.8 Z’ ≤ 0 -12.6 441.7 Z’ ≤ 0 

300 113.6 Z’ ˃ 0 33.9* Z’ ˃ 0 -23.7 282.8 Z’ ˃ 0 

600 123.6 Z’ ˃ 0 33.0* Z’ ˃ 0 -25.8 316.0 Z’ ˃ 0 

1200 60.2 Z’ ˃ 0 27.3* Z’ ˃ 0 -38.4 63.7 Z’ ˃ 0 

         

Ocimum 
gratissimum 

150 153.3 Z’ ≤ 0 38.5 Z’ ≤ 0 -13.4 425.6 Z’ ≤ 0 

300 136.4 Z’ ≤ 0 35.4* Z’ ˃ 0 -20.3 347.6 Z’ ≤ 0 

600 80.9 Z’ ˃ 0 28.0* Z’ ˃ 0 -37.0 170.3 Z’ ˃ 0 

1200 39.7 Z’ ˃ 0 23.6* Z’ ˃ 0 -46.9 81.4 Z’ ˃ 0 

         

Citrus aurantifolia 

150 162.0 Z’ ≤ 0 38.2 Z’ ≤ 0 -14.1 439.5 Z’ ≤ 0 

300 149.4 Z’ ≤ 0 37.1* Z’ ˃ 0 -16.5 384.8 Z’ ≤ 0 

600 130.9 Z’ ˃ 0 32.3* Z’ ˃ 0 -27.3 463.6 Z’ ˃ 0 

1200 60.8 Z’ ˃ 0 25.0* Z’ ˃ 0 -43.8 167.5 Z’ ˃ 0 

         

Lippia multiflora 

150 160.1 Z’ ≤ 0 37.5 Z’ ≤ 0 -15.5 430.3 Z’ ≤ 0 

300 163.7 Z’ ≤ 0 39.4 Z’ ≤ 0 -11.3 432.0 Z’ ≤ 0 

600 152.8 Z’ ≤ 0 37.7 Z’ ≤ 0 -15.2 374.6 Z’ ≤ 0 

1200 101.3 Z’ ˃ 0 31.9* Z’ ˃ 0 -28.2 209.7 Z’ ˃ 0 

         

Laurus nobilis 

150 161.3 Z’ ≤ 0 39.6 Z’ ≤ 0 -10.8 430.9 Z’ ≤ 0 

300 160.8 Z’ ≤ 0 37.8 Z’ ≤ 0 -15.0 399.8 Z’ ≤ 0 

600 133.9 Z’ ˃ 0 35.2* Z’ ˃ 0 -20.6 254.3 Z’ ˃ 0 

1200 61.8 Z’ ˃ 0 26.9* Z’ ˃ 0 -39.5 62.7 Z’ ˃ 0 

         

Zingiber officinalis  

150 162.3 Z’ ≤ 0 38.3 Z’ ≤ 0 -13.8 431.1 Z’ ≤ 0 

300 163.2 Z’ ≤ 0 38.8 Z’ ≤ 0 -12.5 399.9 Z’ ≤ 0 

600 154.6 Z’ ≤ 0 37.7 Z’ ≤ 0 -15.1 328.4 Z’ ≤ 0 

1200 139.9 Z’ ˃ 0 35.8* Z’ ˃ 0 -19.4 274.2 Z’ ˃ 0 

         

Mentha piperita 

150 164.0 Z’ ≤ 0 38.7 Z’ ≤ 0 -12.9 455.4 Z’ ≤ 0 

300 154.4 Z’ ≤ 0 37.5 Z’ ≤ 0 -15.6 475.5 Z’ ≤ 0 

600 128.0 Z’ ≤ 0 34.3* Z’ ˃ 0 -22.8 316.7 Z’ ˃ 0 

1200 62.2 Z’ ˃ 0 26.5* Z’ ˃ 0 -40.4 86.2 Z’ ˃ 0 
 

CT: Control, DMD: dry matter disappearance, GP: cumulative gas production, *mean value for an additive differs significantly (relative decrease 
≥15%) from the control within the column. 
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Table 4. Effects of essential oils (25-150 mg/L) on gas production, methane production and apparent dry matter disappearance after 48 h 
of in vitro incubation. 
  

Additive 
Dosages 

(mg/L) 

GP 
(mL/g 
DM) 

Z’ 
factor 
for GP 

Methane 
(mL/g 
DM) 

Z’ factor 
for 

methane 

Change in 
methane 

relative to CT  

(%) 

DMD 
(g/kg) 

Z’ factor 
for DMD 

Control 0 205.5 - 22.8  - 463.9 - 

Ocimum basilicum 

25 184.9 Z’ ≤ 0 20.1 Z’ ≤ 0 -11.6 433.4 Z’ ≤ 0 

50 189.9 Z’ ≤ 0 21.1 Z’ ≤ 0 -7.6 447.0 Z’ ≤ 0 

100 177.6 Z’ ≤ 0 19.9 Z’ ≤ 0 -12.5 433.7 Z’ ≤ 0 

150 148.2 Z’ ˃ 0 19.0 Z’ ≤ 0 -16.4 429.6 Z’ ≤ 0 

         

Cymbopogon citratus 

25 198.2 Z’ ≤ 0 21.1 Z’ ≤ 0 -7.2 451.3 Z’ ≤ 0 

50 205.4 Z’ ≤ 0 22.5 Z’ ≤ 0 -1.3 447.5 Z’ ≤ 0 

100 199.8 Z’ ≤ 0 21.8 Z’ ≤ 0 -4.1 454.1 Z’ ≤ 0 

150 200.3 Z’ ≤ 0 20.5 Z’ ≤ 0 -10.2 449.2 Z’ ≤ 0 

         

Eucalyptus citriodora 

25 201.0 Z’ ≤ 0 20.5 Z’ ≤ 0 -9.9 436.3 Z’ ≤ 0 

50 203.0 Z’ ≤ 0 23.1 Z’ ≤ 0 1.5 451.5 Z’ ≤ 0 

100 187.6 Z’ ≤ 0 19.2 Z’ ≤ 0 -15.9 432.9 Z’ ≤ 0 

150 203.9 Z’ ≤ 0 23.3 Z’ ≤ 0 2.3 434.7 Z’ ≤ 0 

         

Ocimum gratissimum 

25 209.6 Z’ ≤ 0 22.4 Z’ ≤ 0 -1.6 456.7 Z’ ≤ 0 

50 205.6 Z’ ≤ 0 21.9 Z’ ≤ 0 -4.0 423.1 Z’ ≤ 0 

100 197.4 Z’ ≤ 0 19.4 Z’ ≤ 0 -14.9 417.9 Z’ ≤ 0 

150 199.3 Z’ ≤ 0 20.6 Z’ ≤ 0 -9.6 446.3 Z’ ≤ 0 

         

Citrus aurantifolia 

25 204.1 Z’ ≤ 0 21.0 Z’ ≤ 0 -7.8 467.0 Z’ ≤ 0 

50 207.2 Z’ ≤ 0 22.1 Z’ ≤ 0 -3.1 468.1 Z’ ≤ 0 

100 197.2 Z’ ≤ 0 18.6 Z’ ≤ 0 -18.2 462.8 Z’ ≤ 0 

150 207.7 Z’ ≤ 0 20.8 Z’ ≤ 0 -8.5 461.3 Z’ ≤ 0 

         

Lippia multiflora 

25 204.6 Z’ ≤ 0 21.0 Z’ ≤ 0 -8.0 466.2 Z’ ≤ 0 

50 208.2 Z’ ≤ 0 23.4 Z’ ≤ 0 2.7 477.7 Z’ ≤ 0 

100 205.5 Z’ ≤ 0 22.0 Z’ ≤ 0 -3.6 450.2 Z’ ≤ 0 

150 206.5 Z’ ≤ 0 22.2 Z’ ≤ 0 -2.7 471.8 Z’ ≤ 0 

         

Laurus nobilis 

25 203.0 Z’ ≤ 0 21.2 Z’ ≤ 0 -6.7 459.1 Z’ ≤ 0 

50 202.5 Z’ ≤ 0 23.3 Z’ ≤ 0 2.2 477.7 Z’ ≤ 0 

100 198.5 Z’ ≤ 0 21.7 Z’ ≤ 0 -4.5 438.5 Z’ ≤ 0 

150 193.2 Z’ ≤ 0 22.5 Z’ ≤ 0 -1.3 425.3 Z’ ≤ 0 

         

Zingiber officinalis 

25 200.3 Z’ ≤ 0 22.5 Z’ ≤ 0 -1.3 473.5 Z’ ≤ 0 

50 198.7 Z’ ≤ 0 22.8 Z’ ≤ 0 -0.1 472.8 Z’ ≤ 0 

100 196.7 Z’ ≤ 0 22.0 Z’ ≤ 0 -3.3 460.9 Z’ ≤ 0 

150 194.2 Z’ ≤ 0 21.2 Z’ ≤ 0 -7.1 455.7 Z’ ≤ 0 

         

Mentha piperita 

25 194.5 Z’ ≤ 0 20.3 Z’ ≤ 0 -10.9 481.2 Z’ ≤ 0 

50 195.8 Z’ ˃ 0 22.6 Z’ ≤ 0 -0.8 477.7 Z’ ≤ 0 

100 195.9 Z’ ≤ 0 21.6 Z’ ≤ 0 -5.1 457.0 Z’ ≤ 0 

150 197.8 Z’ ≤ 0 21.8 Z’ ≤ 0 -4.3 467.9 Z’ ≤ 0 
 

CT: Control, DMD: dry matter disappearance, GP: cumulative gas production. 



 

 
 
 
 
an observation which is in agreement with the present 
study. 
 
 
Effects of essential oils on methane production and 
apparent DMD 
 

From the  results  of  this  study,  addition  of  most  EO at  
dosages of 300-1200 or 600-1200 mg/L caused a 
significant decrease in methane production per g DM 
incubated except Z. officinalis and L. multiflora whose 
significant  negative effects  occurred  at  a  more  
narrowdosage of 1200 mg/L. Consistent with these 
results regarding O. gratissimum, M. piperita  and L. 
nobilis, Patra and Yu (2012) reported that Thymus 
capitatus (thymol type), M piperita (menthol type) and 
Eugenia spp. (eugenol type) inhibited methane 
production (per g DM) at 250-1000 mg/L. In this trial, C. 
aurantifolia reduced methane production (per g DM). This 
finding is in line with that of Kamalak et al. (2011) which 
showed that Citrus sinensis (limonene type), at 200-1200 
mg/L, reduced methane production (per g DM). Results 
obtained with addition of O. basilicum are in agreement 
with Jahani-Azizabadi et al. (2011) which showed that O. 
basilicum (estragole type) reduced methane production 
(per g DM) at 1000 mg/L. Information relating to effects of 
Z. officinalis (α-zingiberene and ar-curcumene type), L. 
multiflora (p-cymene type), C. citratus (neral and geranial 
type) and E. citriodora (citronellal type) on methane 
production is scarce.               

The decrease in apparent DMD together with gas 
production observed in this study suggests that EO may 
exert a general inhibition on rumen microbial fermentation. 
The extent of the observed effects of EO on apparent 
DMD and gas production depended on EO type and EO 
dosages. This is likely a reflection of the differences in 
EO composition within plant types (Benchaar et al., 2008; 
Burt, 2004). The reduction in apparent DMD with Z. 
officinalis and L. multiflora at 1200 mg/L and with the 
remaining EO at 600-1200 mg/L suggests that beneficial 
inhibition in methane production is likely offset by adverse 
effects on rumen microbial fermentation. Effects of L. 
nobilis, O. gratissimum, O. basilicum, M. piperita and C. 
aurantifolia on apparent DMD and gas production as 
observed in this work are consistent with previous cited 
studies (Kamalak et al., 2011; Jahani-Azizabadi et al., 
2011; Patra and Yu, 2012) that worked on a range of 
dietary substrates. To the best knowledge of the authors, 
there is no study that examined the effects of Z. officinalis 
(α-zingiberene and ar-curcumene type), L. multiflora (p-
cymene type), C. citratus (neral and geranial type) and E. 
citriodora (citronellal type) on apparent DMD and gas 
production.   

In conclusion, reductions in enteric methane production 
with limited negative effects on apparent DMD seem to 
potentially occur in vitro with all EO (except Z. officinalis 
and L. multiflora) at dosages close to or less than 300 
mg/L. 
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Mushroom production is a very efficient alternative to agro-industrial residues recycling. The proximal 
composition, content of macro and micro minerals, amino acid and proteolytic activity were assessed 
in the pineapple peel and in the bioproducts generated from pineapple peel and mycelium of Pleurotus 
albidus, Lentinus citrinus and Pleurotus florida. The bioproducts were obtained by semi-solid 
fermentation and drying process. Nutritional analysis was performed following standard 
methodologies. The data showed that the percentage of protein and minerals of the bioproducts 
increased and the carbohydrate content reduced after the myceliation by the mushrooms. All essential 
amino acids were found in the bioproducts and no contamination was observed. There was significant 
difference between proteolytic activities of bioproducts samples, presenting L. citrinus’ bioproduct a 
higher value. These data show that the bioproducts produced have great nutritional value and can be 
used as an alternative food.  
 
Key words: By-production, fermentation, mushroom, pineapple, protease. 

 
 
INTRODUCTION 
 
Edible mushrooms are macrofungi widely used as food 
and in folk medicine around the world since antiquity 
(Patel et al., 2012). These basidiomycetes are much 
appreciated for their culinary characteristics as they  have 

high content of protein and fiber and are low in lipids, and 
still produce various metabolites such as antimicrobials, 
antioxidants and immunostimulants (Finimundy et al., 
2013). Among the edible mushrooms,  Pleurotus  species 
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are becoming more popular throughout the world 
because of their ability to colonize various substrates and 
being primary decomposers. Pleurotus are cosmopolitan, 
found naturally in tropical and subtropical rainforests and 
commonly known as oyster mushrooms. The versatility of 
cultivation of this species has led to a great demand and 
oyster mushrooms are now the third largest produced 
mushrooms in the world (Adebayo and Martínez-Carrera, 
2015).   

Just like Pleurotus, the basidiomycetes of the genus 
Lentinus, can be found mainly in tropical and subtropical 
forests and their consumption has been increasing 
worldwide due to their nutritional and therapeutic 
potential (Manjunathan and Kaviyarasan, 2010). Only a 
few species of Lentinus are cultivated, Lentinus edodes 
being the main one (Bisen et al., 2010). However, recent 
study shows that Lentinus citrinus cultivated in substrates 
containing vegetable wastes has nutritional value and 
can be included in the human diet as an innovative 
product source of protein, essential amino acids and fiber 
(Machado et al., 2015).  

Besides their nutritional value, mushrooms are also 
becoming an attractive source of bioactive compounds. In 
recent years, many researches had shown that edible 
mushrooms are sources of many enzymes, including 
proteases (Mokochinsk et al., 2015). The proteases 
participate in various physiological functions and they are 
very important technological tools in several areas such 
as food, detergent and pharmaceutical industries 
(Nakamura et al., 2011).  

In particular, proteases play an essential role in the 
food industry, acting as agents for modifying the 
functional properties of proteins, in the processing of 
cheese, in obtaining protein hydrolyzates, improving the 
flavor of some foods and also in baking (Inacio et al., 
2015). These enzymes participate in some physiological 
processes such as sporulation, conidial discharge, 
germination, regulation of gene expression and protein 
turnover (Khaund and Joshi, 2014).  

In many ecosystems, mushrooms play an important 
role in the decomposition of organic matter, cleaving the 
cellulose, hemicellulose and lignin from wood (Fonseca 
et al., 2014). Therefore, mushroom production is an 
extremely efficient alternative to recycling, reducing the 
environmental impacts arising from the disposal of 
organic wastes. The production of these macro fungi 
using agro wastes as substrates adds value to these low-
cost products and allows the production of biomass with 
biological activity that can be use as food due to its high 
nutritional value. These residues also have a great 
potential for use as animal food and as fertilizer in 
agriculture (Ahmed et al., 2013; Fonseca et al., 2015; 
Sales-Campos and Andrade, 2011).  

The pineapple is considered the third most important 
fruit in the world and besides the fruit consumption in 
natura, the pineapple is processed in order to obtain 
canned slices, crush and juice, which  generates  a  great  

 
 
 
 
quantity of wastes (Bresolin et al., 2013). In the 
processing industries of pineapple, only a small 
percentage of the inflorescence is used, since the edible 
part represents about 22.5% of its volume (Silva and 
Zambiazi, 2008). The waste from the pineapple 
processing has nutritional constituents suitable for use in 
human food and is an example of debris that can be used 
for the cultivation of edible mushrooms (Martin et al., 
2012). 

The pineapple peel has superior nutritional content 
than the edible parts, with a high content of dietary fibers 
and even proteins. However, the pineapple peel has not 
received enough attention and nowadays it is used 
mainly in animal feed or as soil amendment (Fortkamp 
and Knob, 2014).  

The objective of this study was to develop three 
different bioproducts formulated with pineapple peel and 
the mycelium of the edible mushrooms Pleurotus albidus, 
Pleurotus florida and Lentinus citrinus to be used in the 
food industry as an ingredient in the preparation of new 
products.  
 
 
MATERIALS AND METHODS 
 
Mushrooms 
 
P. albidus DPUA 1692, P. florida DPUA 1534 and L. citrinus DPUA 
1535 from DPUA Collection of Federal University of Amazonas-
UFAM were cultured in Sabouraud agar supplemented with 0.5% 
yeast extract [w/v (SAB + YE)] for five days at 25°C in the absence 
of light, to obtain the matrice cultures. 

 
 
Inoculum preparation 
 
From the matrices of each fungus, 20 mycelial discs, measuring 10 
mm, were taken and inoculated into 50 mL of BC-liquid medium 
(9.8% banana and 0.2% cupuaçu extract). The fermentation was 
conducted at 25°C, 150 rpm for five days. At the end of the 
fermentation, the biomass was separated from the supernatant by 
filtration on an aluminum tea sieve (diameter = 75 mm) for 
subsequent substrate inoculation.  
 
 
Semi-solid fermentation 
 
The fresh pineapple peels were washed in running water and 
immersed in sodium hypochlorite solution 2.5% (v/v) for 15 min. 
The peel was ground in a METIVISA® food processor and dried at 
60°C in forced air oven for 12 h. The fermentation was carried out 
in 1000 mL glass flasks containing 100 g of dried pineapple peel, 
previously sterilized at 121°C, 60 min for two consecutive days. In 
each flask, all the mycelial mass of P. albidus, P. florida and L. 
citrinus, recovered from the liquid medium, were inoculated 
superficially in the substrate. The fermentation was conducted at 
25°C until complete vertical myceliation of substrate. For each 
mushroom, three repetitions were performed.  

The bioproduct generated from semi-solid fermentation was 
crumbled and dried at 40°C in a forced air oven, followed by milling 
in a METIVISA® food processor and after that were sifted through 
an 18 mesh sieve and stored at room temperature in glass flasks 
(Bou Rached et al., 2006). 



 
 
 
 
Determination of chemical composition 
 
The pineapple peel and the bioproducts were subjected to analyses 
of moisture, lipid, protein, ash, carbohydrate and total energy. All 
tests were performed according to the procedures described by 
Ajayi et al. (2015). The moisture was determined by drying in a 
forced air oven at 105°C (pineapple peel) and at 40°C (bioproducts) 
(gravimetric method) until constant weight. The determination of the 
protein fraction was performed according to the micro Kjeldahl 
method, applying the conversion factor of 6.25 for the substrate and 
4.38 for the fungi (Silva et al., 2002). Quantification of lipids was 
determined by Bligh and Dyer method and the ash was determined 
by the material incineration in furnace at 550 -660°C until constant 
weight (AOAC, 2000). The crude fiber was determined by acid-
basic digestion according to Weende methodology (AOAC, 2000). 
The total carbohydrates were estimated by difference and the total 
metabolizable energy was calculated by the conversion factor of 
Atwater, both recommended by Latinfoods (2011).  

 
 
Determination of macro and micro minerals 
 
The determination of minerals was performed according to the 
methods proposed by AOAC (2000). The samples were dried in a 
forced air oven at 40°C, then dehydrated and subjected to wet 
digestion HNO3 + HCl O4 (3:1). The phosphorus content was 
determined by spectrophotometry with molybdenum blue and 
calcium, magnesium, potassium, sodium, copper, iron, manganese 
and zinc by atomic absorption spectrophotometry (AAS). All 
analyzes were performed in triplicate. The amounts of 
macronutrients (Ca, P, Mg and K) were calculated in g.kg-1 and the 
values of micronutrients (Na, Fe, Cu, Mn, and Zn) in mg.kg-1. 

 
 
Determination of amino acids 
 
The determination of amino acid contents was performed by high 
performance liquid chromatography (HPLC). The samples 
underwent prior hydrolyzing with 6 N hydrochloric acid (HCl), 
followed by derivation of amino acids with phenylisothiocyanate 
(PITC) and the separation of phenylthio-carbamyl amino acid 
derivatives in reverse phase column with UV detection at 254 nm. 
Quantification was performed by multilevel internal calibration, 
using α-aminobutyric acid (AAAB) as internal standard for total 
amino acids (White et al., 1986). The determination of tryptophan 
was performed after enzymatic hydrolysis with pronase and color 
reaction with p-dimethylamino benzaldehyde (DAB) according to 
Spies (1967).  

 
 
Determination of microbiological quality 
 
Microbiological analysis was performed based on determining the 
presence of yeast and mold and the most probable number of 
positive coagulase staphylococci and Bacillus cereus (MPN/g) 
(Beuchat and Cousin, 2001), total coliforms, fecal coliforms or 
Escherichia coli (Kornacki and Johnson, 2001) and Salmonella 
(ISO 6579:2002, 2002).   

 
 
Protease extraction process 

 
For protease extraction, 2 g of the crumbled bioproducts were 
added to 20 mL of sterile distilled water in 125 mL Erlenmeyer 
flasks and kept in a shaker at 30°C, 180 rpm. After 30 min, the 
crude extracts were recovered by filtration on cotton cloth, passed 
through a 0.22 µm membrane  to  remove  the  cells,  and  used  as 
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crude protease solution (Fonseca, 2014).   
 
 
Determination of proteolytic activity of the flours  
 
Proteolytic activity was determined using 150 µL of crude extract 
added to 250 µL of 1% azocasein (w/v), prepared in 0.1 M Tris-HCl 
buffer, pH 7.2. Samples and blanks were incubated at 25°C for 1 h 
in a dark chamber. The reaction was stopped with 1.2 ml of 
trichloroacetic acid (TCA) [10% (w/v)] and centrifuged for 10 min at 
4°C. From the supernatant, 800 µL was removed and 1.4 mL of 1 M 
NaOH was added to it. The samples were prepared in triplicate and 
measured in a spectrophotometer at 440 nm. One proteolytic unit 
was defined as the amount of enzyme capable of producing an 
increase in absorbance at 440 nm of 0.1 in 1 h.  
 
 
Statistical analysis 
 
The results were submitted to descriptive statistics (mean and 
standard deviation) and also variance analysis (ANOVA) and the 

Software. 
 
 

RESULTS AND DISCUSSION 
 

Chemical composition 
 
The results of the nutritional composition of pineapple 
peel and the three bioproducts enriched with mycelium 
biomass of P. albidus, P.florida and L. citrinus are shown 
in Table 1. Pineapple peel presented the highest 
moisture content (9.93%), while the bioproducts samples 
ranged from 4.0 to 5.0%. This significant moisture 
reduction favors nutrients concentration as well as 
decreases microorganism contamination. Similar 
conclusion was cited by Ackom and Tano-Debrah (2012) 
that studied the use of processed pineapple pulp as a 
dietary fiber supplement. 

The ash content was significantly increased after 
substrate colonization by the mushrooms. The increased 
ash content was also verified by Okano et al. (2007) that 
noted an ash content increase from 38 to 74 g/kg after 
cultivating Pleurotus eryngii sugarcane bagasse.. Bento 
et al. (2015) observed a great ash content after 
cultivating Pleurotus ostreatus and Lentinus edodes in 
eucalyptus sawdust, eucalyptus bark, coffee bark, 
sugarcane bagasse, corncobs and coconut fiber.  

The lipid content did not show variation, and the 
highest amount was determined in the bioproduct 
containing L. citrinus mycelium biomass. Close values 
were observed for Dundar et al. (2008) that studied 
nutritional composition of some mushrooms cultivated on 
wheat stalk; lipid content values obtained were 1.15, 2.60 
and 7.50 g for Pleurotus sajor-caju, Pleurotus ostreatus 
and Pleurotus respectively.  

The data in Table 1 also show a significant change in 
protein content in the bioproduct composed by Pleurotus 
florida mycelium and pineapple peel. After the 
myceliation, the protein content was increased by 30%. 
The  bioproducts  made  with  P. albidus  and   L.  citrinus  
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Table 1. Mean of chemical composition of the pineapple peel before myceliation and the bioproducts made with pineapple peel and edible 
mushrooms (P. albidus, P. florida and L. citrinus). 
 

Parameters Pineapple peel 
Bioproduct made with P. 

albidus and pineapple peel 
Bioproduct made with P. 

florida and pineapple peel 
Bioproduct made with L. 

citrinus and pineapple peel 

Moisture (%) 9.93±0.10a 5.42±0.10b 4.09±0.11c 4.21±0.06c 

Ash  (g.kg
-1

) 34.08±0.09b 52.60±0.99a 57.70±0.04ª 60.10±0.02a 

Lipids(g.kg
-1

) 14.70±0.12
a
 13.80±0.27

a
 13.20±0.15

a
 18.60±0.31

a
 

Protein (g.kg
-1

) 79.80±0.49
b
 86.10±0.52

b
 102.70±0.45

a
 81.90±0.01

b
 

Total Fiber (g.kg
-1

) 92.30±0.35
b
 142.30±0.20

a
 143.60±0.46

a
 139.60±0.60

a
 

Carbohydrates (g.kg
-1

) 678.90±0.15
a
 650.80±0.86

b
 641.70±0.96

b
 657.50±0.93

b
 

Calories (Kcal) 316.78±1.51
a
 307.25±2.70

c
 309.65±1.28

bc
 312.51±1.31

c
 

 

*In each row, different letters means significant differences between the samples. 
 
 
 

mycelium exhibited increase of 7.8 and 2.5%, 
respectively, and did not show significance in comparison 
with pineapple peel. Tuyen et al. (2013) also identified 
significant increase in protein content in corn straw, rice 
straw, oil palm leaf and sugarcane bagasse after 6 weeks 
of incubation with P. eryngii, P. ostreatus and L. edodes. 
Gonçalves et al. (2010) found 11-19% increase in the 
amount of proteins on different substrates colonized by P. 
sajor-caju, which is less than the values found in this 
study. Koutrotsios et al. (2014) observed the same 
behavior in the cultivation of P. ostreatus in grape marc 
plus cotton gin trash and olive mill by-products (leaves 
and two phase olive mill waste). The protein increase 
probably was due to the addition of fungal protein during 
the mycelial growth, indicating the mushrooms’ ability to 
contribute a deposit of proteins in the residue. 

Regarding the fiber content, there was a significant 
increase after the mushroom myceliation in the three 
bioproducts analyzed. Gonçalves et al. (2010) found a 
similar behavior with increased fiber content in the 
colonized substrate. According to them these results can 
be explained due to the production of different enzymes 
during vegetative and reproductive stages of mushrooms, 
and the enzymes responsible for degradation of cellulose 
are secreted only in the reproductive phase. Thus, there 
was no significant reduction in fiber content in the 
bioproducts samples since fungi do not reach 
reproductive phase. Still, in the study of Gonçalves et al. 
(2010), the fiber contents decrease after production and 
harvesting of mushrooms. Being a potential source of 
dietary fibers, mushrooms raise the possibility of its 
inclusion in the highly competitive market of fiber-
enriched food products, which seriously demands the 
exploration of alternative source and preparation 
methods of dietary fibers (Fernandes et al., 2015). 

The carbohydrate content of the three bioproducts 
decreased significantly in comparison with the values 
found on the pineapple peel itself. This result can be 
associated with the heterotrophic habit of fungi that 
consume carbon sources to meet the nutritional 
requirements necessary for apical growth of the 
mycelium.  

In this study, the differences between protein, fiber and 
carbohydrates contents of the bioproducts composed by 
P. albidus, P. florida and L. citrinus mycelium and 
pineapple peel might be due to growth conditions, genetic 
factors and also geographical variations (Saiqa et al., 
2008). 
 
 
Mineral content 
 
The results of mineral content are shown in Table 2. 
Among the macronutrients, potassium showed the 
highest values in all samples evaluated, ranging from 15 
to 17 g, followed by calcium, phosphorus and 
magnesium. Fonseca et al. (2015) also found a 
significant value for potassium (24 g.kg

-1
) in P. 

ostreautus. Among the micronutrients, manganese 
content was higher, followed by iron, zinc and copper. 
Machado et al. (2015) had good values of potassium, 
phosphorus, iron, zinc and copper as in this study. Lee et 
al. (2009) and Medina et al. (2009) also observed 
increase in the concentration of minerals in the 
substrates after cultivation. According to Lee et al. 
(2009), the mineral increasing is probably due to the 
supply of mineral elements through moisture during the 
cultivation. Lee et al. (2009) found potassium and zinc 
values close to those found in this work (10.44 g/kg and 
29 mg/kg, respectively). The amounts of phosphorus, 
potassium, copper and manganese in this study were 
higher than those found by Medina et al. (2009). Minerals 
are indispensable in human metabolism, part of important 
reactions, transmission of nerve impulses, bone 
development and regulation of salt and water balance 
(Okoro and Achuba, 2012).  
 
 
Amino acid content 
 
Table 3 shows the levels of essential and non-essential 
amino acids found in the bioproducts. The results showed 
that the amino acids threonine, valine, methionine and 
isoleucine did not differ significantly across the pineapple  
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Table 2. Mineral concentration in pineapple peel before myceliation and in the bioproducts with mycelium. 
 

Substrates 
Macronutrients (g.kg

-1
)  Micronutrients (mg.kg

-1
) 

P K Ca Mg  Cu Fe Mn Zn 

Pineapple peel 1.21±0.01
l
 15.13±0.03

d
 2.80±0.01

h
 0.56±0.01

o
  1.46±0.01

o
 28.40±0.01

g
 24.56±0.02

h
 8.97±0.07

n
 

Bioproduct made with P. albidus and pineapple peel 1.50±0.01
j
 16.76±0.01

b
 3.94±0.01

f
 0.82± 0.01

n
  10.10±0.10

l
 27.93±0.01

d
 59.47±0.02

b
 22.10±0.02

i
 

Bioproduct made with P. florida and pineapple peel 1.72±0.02
i
 16.90±0.01

a
 4.38±0.01

e
 0.90±0.01

m
  10.03±0.01

l
 25.57± 0.01

e
 63.92±0.02

a
 21.07±0.01

j
 

Bioproduct made with L. citrinus and pineapple peel 1.40±0.02
k
 15.99±0.01

c
 3.75±0.01

g
 0.81±0.01

n
  9.13±0.010

m
 24.98±0.01

f
 57.69±0.01

c
 20.85±0.01

k
 

 

*Means not sharing a letter are significantly different. 

 
 
 
Table 3. Amino acidic profile (in g.kg-1) of the pineapple peel before myceliation and of the bioproducts made with peel and edible mushrooms (P. albidus, P. florida and L. citrinus). 
 

Amino acids Pinepple peel 
Bioproduct made with P. albidus and 

pineapple peel 
Bioproduct made with P. florida and 

pineapple peel 
Bioproduct made with L. citrinus and 

pineapple peel 

Threonine* 1.50±0.01
a
 1.70±0.01

a
 1.60±0.01

a
 1.60±0.01

a
 

Valine* 2.00±0.01
a
 2.20±0.01

a
 1.90±0.01

b
 1.90±0.01

b
 

Methionine* 0.40±0.01
a
 0.40±0.01

a
 0.40±0.01

a
 0.40±0.01

a
 

Isoleucine* 1.00±0.01
a
 1.20±0.01

a
 1.10±0.01

a
 1.10±0.01

a
 

Leucine* 1.20±0.01
b
 1.70±0.01

a
 1.70±0.01

a
 1.50±0.01

a
 

Phenylalanine* 0.80±0.01
c
 2.80±0.01

a
 1.90±0.01

b
 2.10±0.01

b
 

Lysine* 2.10±0.01
a
 0.60±0.01

b
 0.60±0.01

b
 0.50±0.01

b
 

Tryptophan* 0.90±0.01
ab

 1.10±0.01
a
 0.80±0.01

b
 1.00±0.01

ab
 

Aspartic acid 11.30±0.01
a
 1.10±0.01

b
 3.60±0.01

c
 3.70±0.01

c
 

Glutamic acid 6.30±0.01
a
 4.70±0.01

b
 4.00±0.01

c
 4.10±0.01

c
 

Serine 3.20±0.01
a
 2.90±0.01

b
 2.40±0.01

c
 2.40±0.01

c
 

Glycine 2.50±0.01
a
 2.30±0.01

ab
 2.10±0.01l

b
 2.20±0.01

b
 

Histidine 0.60±0.01
a
 0.30±0.01

b
 0.30±0.01

b
 0.30±0.01

b
 

Arginine 2.70±0.01
a
 0.90±0.01

c
 1.20±0.01

b
 1.00±0.01

bc
 

Alanine 2.10±0.01
b
 2.90±0.01

a
 2.80±0.01

a
 2.80±0.01

a
 

Proline 0.70±0.01
b
 0.90±0.01

b
 1.40±0.01

a
 1.20±0.01

a
 

Tyrosine 0.80±0.01
a
 0.90±0.01

a
 0.90±0.01

a
 1.00±0.01

a
 

Cysteine 0.10±0.01
a
 0.10±0.01

a
 0.10±0.01

a
 0.10±0.01

a
 

 

* Essential amino acids; **Means not sharing a letter are significantly different. 

 
 
 
peel and bioproducts studied. All the essential 
amino   acids   are   presented   in   the    samples 

analyzed in this study. The most abundant 
essential amino in the pineapple peel was aspartic 

acid, whereas in the bioproduct, it was glutamic 
acid.  The  presence  and  relative  abundance   of  
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Table 4. Proteolytic activity of the three types of flours formulated with pineapple peel 
and edible mushrooms. 
 

Bioproducts Proteolytic activity (u/ml)* 

Pineapple peel and Lentinus citrinus 296.55  ± 2.41
a
 

Pineapple peel and Pleurotus florida 280.55  ± 3.87
b
 

Pineapple peel and Pleurotus albidus 270.44 ± 1.39
c
 

 

*Means not sharing a letter are significantly different. 

 
 
 
essential amino acids in a protein is a major determinant 
of quality of the protein (Afiuka et al., 2015). 

The bio-product of pineapple peel and P. albidus 
mycelium showed the highest tryptophan content (1.10 
g.kg

-1
) and the ones with P. florida and L. citrinus 

biomass in its composition had the highest proline 
content (1.40 and 1.20 g.kg

-1
). This study also revealed 

glutamic acid as the most abundant amino acid in all 
samples, whereas the least occurring amino acid was 
cysteine. Similar result was found by Afiukwa et al. 
(2015) that observed the predominance of glutamic acid 
and the least abundance of cysteine in four edible 
mushroom species from Nigeria. Jaworska and Bernas 
(2011) also detected glutamic acid as the most abundant 
amino acid in mushrooms. Glutamic acid has an 
important role as brain stimulatory neurotransmitters and 
enhancing food flavor (Fonseca et al., 2015). Machado et 
al. (2015) observed amino acids values close to those 
presented in this study.  

 
 
Microbiological analysis 
 
The results showed that all samples were negative for 
molds, yeasts, Salmonella sp., total and fecal coliforms, 
E. coli, coagulase positive Staphylococcus, mesophilic 
bacteria and Bacillus cereus. These results revealed that 
the samples were within the standards specifications and 
can be consumed as a safe food.  

 
 
Determination of proteolytic activity 
 
The results showed the protease activity in all 
bioproducts samples (Table 4). Despite the fact that all 
the extracts have presented very significant enzymatic 
activity, the higher proteolytic activity was determined in 
aqueous extract obtained from the bioproduct with L. 
citrinus mycelium and pineapple peel (296.55 U/mL). The 
proteolytic activities in the bioproducts with P. albidus and 
P. florida biomass was 270.44 and 280.55 U/mL, 
respectively, with significant difference between all the 
three values of enzymatic activities found. 

The results obtained for the genus Pleurotus were 
higher than those found by Fonseca et al. (2014), who 
evaluated various substrates with P. ostreatoroseus. The 

values obtained for the edible mushroom L. citrinus was 
also superior to that obtained by Kirsch et al. (2011) who 
studied the mushroom of the same species. And still, 
values higher than that of protease activity (50.03 U/mL) 
was obtained by Khaund and Joshi (2014) that 
investigated the enzymatic profiling of wild edible 
mushrooms consumed by the ethnic tribes of India. 
Detailed studies on the pineapple peel proteolytic activity 
are currently under way. 

Many enzymes produced by mushrooms are used in 
food processing for improvement of the quality and 
nutrition of food products. Ahmed et al. (2015) studied the 
influence of four different types of commercial enzymes 
on dough rheology and end quality of cookie. These 
authors found that proteases affect the degree of 
softening substantially, breaking the gluten network that 
was responsible for water retention, migration and 
evaporation during baking and protein denaturation.  

From the results, it was concluded that the 
biotransformation of pineapple peel and the enrichment 
with biomass of P. albidus, P. florida and L. citrinus 
provides a bioproduct that can be used to increase 
nutritional and biological value of products as well as to 
create new features of the product and raise its quality, 
especially in bakery industry. 
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Calotropis procera is an evergreen perennial shrub, which is found mainly in the arid regions and 
produces copious latex when cut. It has been reported to possess medicinal properties but equally 
pose deleterious effect in animals. In a bid to exploit its pharmacological properties, it was necessary to 
ascertain its level of safety. A toxicological evaluation of the aqueous extract of fresh leaves of the 
plant was therefore conducted in the more sensitive female rabbits of the same weight range. Low 
levels of phytochemicals (alkaloids, saponins, tannins, cardiac glycosides and flavonoids) were found, 
while elemental analyses showed traces of iron, lead, sodium, and potassium in concentrations of 0.23, 
0.03, 0.82 and 9.5 mg/g, respectively. Acute toxicity study was conducted with oral administration of 
200, 400, 800 and 1600 mg/kg of the extract once to groups I, II, III and IV, respectively with a 24 h 
observation period. Clinical signs such as mouth chewing, photophobia, bradycardia, coughing, 
vomiting and convulsion amongst others were noticed. Four rabbits died within 24 h and LD50 was 
estimated (940 mg/kg). 80, 40 and 20 mg/kg of the extract were administered daily to groups I, II, and III, 
respectively, during sub-acute toxicity study for 14 days. Grossly, catarrhal enteritis and mesenteric 
congestion of the small intestines, congestion of the lungs, hepatization and paleness of the liver, 
congestion and pallor of the kidney cortex, and congestion of the meninges were noticed. 
Histopathological examination of the tissues revealed mild pulmonary oedema and peribronchial 
lymphocytic infiltration of the lungs, hepatization of the liver, disruption of cardiac architecture, 
generalised cell necrosis and erosion of the villi of the small intestine.  All the rabbits that survived 
gained weight, which is indicative of some nutrient value in the extract. It was concluded that the 
extract had dose-dependent deleterious effects on the tissues as higher dose groups were more 
affected. Hence, it is evident that sub-chronic toxicity studies would reveal greater lesions to better 
ascertain extent of damage.  
 
Key words: Calotropis procera, phytochemical, histopathology, toxicity, lesions, tissues, organs. 
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INTRODUCTION 
 
Calotropis procera is an evergreen shrub belonging to the 
category of spreading shrubs and to the class Angio-
spermae. It grows mainly in the arid regions of Africa and 
the temperate and tropical regions of Asia. Its growth is 
favoured by open habitat with little competition (Adams, 
1995). It releases a copious white sap (latex) when cut 
(Harkness and Wagner, 1989). It  is  a  common  plant  in 
Nigeria but more abundant in the northern part of the 
country (Sofowora, 1984). It grows widely in the tropics, 
with disturbed vegetation and warm temperate regions 
(Sofowora, 1984).  

Extracts, chopped leaves and latex have shown great 
promise as nematicides in vitro and in vivo, while poul-
tices of the plant leaves heal rheumatism when applied to 
joints (Charu et al., 1997). Over 92 plants are used in 
ethno-veterinary practices, some of which have pesticidal 
and insect repellant activities (Aliu, 1996). C. procera has 
also been found to contain secondary metabolites which 
are of no apparent importance to the plant’s own life but 
have prominent therapeutic as well as toxic effects on 
animal systems (Mgbojikwe, 2004). C. procera is also 
reported to have pharmacological properties including its 
traditional use in the treatment of leprosy, fever, diar-
rhoea, malaria and snake bites (Parrotta, 2001).  

Many plants are however toxic, although their chemical 
and physiological characteristics are only understood 
empirically. Consumption of C. procera when fresh 
results in poisoning to livestock as well as humans (Lewis 
and Elvin-Lewis, 1977). Animals are exposed most 
especially during periods of starvation/drought or when 
livestock is moved from place to place in search of better 
pasture (Hall, 1977). C. procera contributes to a greater 
part of general malaise, dullness and inappetence in 
grazing animals and the cause which is seldom diag-
nosed is due to consumption of sub-clinical dose of the 
plant (Clarke and Clarke, 1977). C procera is described 
as an abortifacient and an anti-fertility agent (Malhi and 
Tridedi, 1972). Studies on the effects of the plant extract 
on the ultrastructure of the kidney as well as histology of 
the skin and reproductive organs of Wistar rats are 
reported (Al-Robai et al., 1993, Akinloye et al., 2001a, b).  

In order to exploit its pharmacological properties, toxi-
city investigation was carried out to ensure safety. Based 
on these reports, and the lack of statistical significance 
on haematological and biochemical parameters for acute 
and sub-acute toxicity studies (Jato et al., 2009), this 
study was carried out to investigate the effects of the 
extract at tissue levels in rabbits. As objectives, we 
sought to answer the questions: At what dose and to 
what extent is the plant toxic, what are the target organs, 
and at what dose do we have no observable effect? 

MATERIALS AND METHODS 
 
Animals 
 
Twenty seven (27) female New Zealand rabbits of the same weight 
range and 8 to 10 week old, obtained from the Small Unit of the 
Diagnostic Department of the National Veterinary Research 
Institute (NVRI) were used in this study. Female rabbits are more 
sensitive and responded quickly to foreign agents, while 8 to 10 
week old are more resistant, and so would form a good basis for 
toxicity evaluation. Fifteen (15) of the rabbits were divided into 5 
groups of 3 animals each for acute toxicity study, with Group V 
serving as the control. Twelve (12) rabbits were also divided equally 
into Groups I to IV for sub-acute toxicity study, with Group IV ser- 
ving as the control. They were fed daily on pelleted feeds obtained 
from the ‘Dagwom’ Farm of NVRI, with water given ad libitum. 
Faecal samples were examined for two weeks to ensure the 
absence of infectious agents prior to commencement of the experi- 
ment. Temperature was also taken daily during each observation to 
ensure that the animals did not record abnormal fluctuations.   
 
 
Weight analysis 
 
The animals were weighed (in kg) each morning and evening using 
a scale balance before feeding. Weight changes were determined 
by difference with previous weights and the average for all groups 
gave the overall change.  
 
 
Plant collection 
 
Fresh leaves of C. procera were obtained from Fadan Karshe in 
Kaduna and identified at the Federal College of Forestry in Jos, 
Nigeria.  
 
 
Preparation of the aqueous extract  
 
3.0 kg of fresh leaves were then blended into a pulp using a blender 
(ATO MSE Mix – Guangzhou Sunmile Industries Co. Ltd). It was 
then filtered and the filtrate was dried at 50°C using an oven 
(Gallenkamp 300 plus – Gallenkamp) to obtain a dry powder. 1 g of 
the powder was then dissolved in 100 ml of distilled water to obtain 
a stock solution for daily administration. Fresh leaves were used 
because the dry form is reported to be harmless when consumed, 
while aqueous extraction was carried out due to the high solubility 
of the extract in water (Mgbojikwe, 2004).  
 
 
Elemental analysis 
 
At the Nigerian Mining Corporation (NMC), Jos, 0.2 g of the 
powdered extract was weighed and put into a clean Kjerdhal flask. 
5 ml of concentrated nitric acid (HNO3), 1 ml of concentrated 
sulphuric acid (H2S04) and 1 ml concentrated perchloric acid were 
added. The mixture was heated for digestion until it turned colour- 
less. After digestion, the clear extract was filtered and the filtrate 
was made up to 100 ml in a volumetric flask with distilled water. It 
was then analysed for iron, lead, copper, chromium, cobalt, sodium,
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potassium and arsenic using the Atomic Absorption Spectro-
photometer, (AAS, Unicam Solar 969 - Unicam), (Haswell, 1991). 
 
 
Phytochemical screening 
 
Phytochemicals like alkaloids, saponins, tannins, cardiac glycosides 
and flavonoids were tested for the crude extract using standard 
procedures. 
 
 
Test for alkaloids  
 
0.5 g of the plant extract was stirred with 3 ml of 1% aqueous 
hydrochloric acid (HCl) in a steam bath. This was filtered and 1 ml 
of the filtrate was treated with a few drops of picric acid solution. 
The reaction was observed for formation of precipitate which 
indicates presence of alkaloids (Trease and Evans, 1989). 
 
 
Test for saponins 
 
0.5 g of the plant extract was shaken with distilled water in a test-
tube. Frothing appearance or foaming which persists on warming 
was taken as preliminary evidence for the presence of saponin 
(Trease and Evans, 1989). 
 
 
Test for tannins 
 
0.5 g of the plant extract was stirred with 1 ml of distilled water. This 
was filtered and ferric chloride reagent was added to the filtrate. 
The reaction was observed for a green, blue-black or blue-green 
precipitate, which indicates the presence of tannin (Trease and 
Evans, 1989). 
 
 
Keller Killiani test for cardiac glycosides 
 
100 g of the plant extract was dissolved in 1 ml of glacial acetic acid 
containing one drop of ferric chloride solution. This was then under-
layed with 1 ml of concentrated sulphuric acid. A brown ring 
obtained at the interphase indicates the presence of a deoxysugar 
which is characteristic of cardenolides or cardiac glycosides, 
(Trease and Evans, 1989). 

 
 
Test for flavonoids 
 
2 g of the plant extract was completely detanned with acetone 
(Segelman and Sofia, 1971). The acetone was evaporated in a 
water bath and the residue was then extracted in warm water. The 
mixture was then filtered while still hot and the filtrate allowed to 
cool. Lead acetate solution was added to 5 ml of the detanned 
water extracted. Appearance of a yellow coloured precipitate indi-
cates presence of flavonoids.  

 
 
Dosing of the animals and determination of LD50 
 
200, 400, 800 and 1600 mg/kg of the extract were given by oral 
gavage to Groups I, II, III and IV, respectively, within 24 h in acute 
toxicity study. Group V was given only water ad libitum. LD50 was 
then estimated graphically from a plot of percentage response 
against dose. For sub-acute toxicity study, 20, 40 and 80 mg/kg 
were given daily to Groups I, II and III, respectively, for 14 days 
period. Group IV, the control was given only water for the same 
study period.  

 
 
 
 
Necropsy and histopathology 
 
All the rabbits that died immediately on administration of the extract 
and those that were humanely air-embolized were physically 
observed for clinical signs and then dissected for postmortem 
examination. They were examined grossly for lesions and tissues 
and organs were cut for histopathology. Histopathology was carried 
out through fixation, embedding, sectioning, staining and micro-
scopic examination.  
 
 

Fixation 
 
The tissues were fixed in a fixative, a process that stabilizes the 
tissues to prevent decay. The fixative used was neutral buffered 
formalin (10% formaldehyde in phosphate buffered saline (PBS). 
 
 

Embedding 
 
Wax embedding was done in which the samples were immersed in 
multiple baths of progressively more concentrated ethanol to dehy-
drate the tissue using an autotechnicon. This was followed by 
clearing with xylene and finally impregnation in hot molten paraffin 
wax. During this process, paraffin wax replaces the water; and soft, 
moist tissues were turned into a hard paraffin block, which was then  
placed in a mould containing more molten wax and allowed to cool 
and harden.  
 
 

Sectioning 
 
The tissues were then trimmed to appropriate sizes by removal of 
excess molten wax and then attached to labeled wooden blocks. 
The ice on the wooden blocks was then ice cold so that the tissues 
could give straight ribbons during sectioning. Tissues were 
sectioned into very thin (2 to 5µm) sizes using a microtome 
(RM2235 – Leica Microsystems). The slices appeared as slender 
ribbons and were put on the surface in a water bath with 
temperature below that of the paraffin wax to relax the ribbons. 
These slices which were usually thinner than an average cell, were 
then placed on a glass slide for staining. Egg albumin was used to 
attach tissues to slide.  
 
 

Staining 
 
For clear vision under a light microscope, tissue sections were 
stained with hematoxylin and eosin (H&E). Hematoxylin colours 
nuclei blue, while eosin colours the cytoplasm pink. This was done 
to give contrast to the tissue being examined, as without staining, it 
is very difficult to see differences in cell morphology.  
 

 

Microscopic examination of tissues 
 
After preparation, the slides were stained with eosin and hema-
toxylin and examined microscopically using the X10, X40 and X100 
magnifications for any pathological changes that might have 
occurred as a result of the extract. 

 
 

RESULTS  
 

Weight analysis 
 

The rabbits recorded average weight gain of about 0.01 
kg (16%), as they got bigger by the day (Figure 1).   
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Figure 1. Weight changes in sub-chronic toxicity studies. 

 
 
 
Preparation of the aqueous extract 
 
0.086 kg of dry powdered extract was obtained from the 
3.0 kg fresh leaves, giving a percentage yield of 2.5%. 
 
 
Elemental analysis 
 
Elemental analysis indicated trace amounts of iron, lead, 
sodium and potassium at concentrations of 0.21 mg/g, 
0.03 mg/g, 0.80 mg/g and 9.3 mg/g, respectively. 
Chromium, molybdenum, cobalt and arsenic were not 
detected. 
 
  
Phytochemical screening 
 
Saponins, tannins, alkaloids, cardiac glycosides and 
flavonoids were detected, with cardiac glycosides being 
in higher concentration. Anthraquinone was not detected.  
 
 
Dosing of animals and determination of LD50  
 
Besides deaths recorded within 24 h, survivors exhibited 
some clinical signs (Table 1). From the deaths recorded, 
LD50 was determined to be 940 mg/kg. Percent mortality 
showed that cumulative percentage mortality increased 
with increase in dose (Table 2). 
 
 
Necropsy and histopathology 
 
Grossly, lesions were observed in the lungs, small 
intestine, kidney, heart, liver and the brain  in  both  acute 

and sub-acute toxicity studies with greater lesions in sub-
acute. Unlike appearing well fleshed as at the start of  the 
study, catarrhal enteritis, mesenteric  congestion of the 
intestines, congestion of the lungs with hepatization, pale 
and shrunken liver, congestion and pallor of the kidney 
cortex, and congestion of the meningis were observed. 
Histopathology revealed cellular lymphocytes infiltration 
and oedema of the renal tubules of medulla (Slide a) and 
engorgement and dilation of hepatic sinusoid with red 
blood cells, cellular lymphocytic infiltration of the liver 
(Slide b). Also, there was mild pulmonary oedema (con-
gestion) and peribronchial lymphocytic infiltration of the 
lungs (Slide c) and erosion of the villi of the small 
intestine (Slide d). The cardiac architecture of the heart 
was also slightly disrupted, with generalized necrosis and 
cellular infiltration (lymphocyte and neutrophils) (Figure 
2).   
 
 
DISCUSSION 
 
The rabbits experienced dose-dependent increase in 
weight. Only 0.086 kg of the fresh leaves gave the dry 
powdered extract. Trace amounts of iron, potassium, 
sodium and lead were detected, while phytochemicals 
such as saponins, flavonoids, tannins, alkaloids and car-
diac glycosides were found. Upon administration of the 
aqueous extract, the rabbits exhibited clinical signs while 
others died instantly. Gross and histopathological 
examinations revealed lesions. Much is reported about 
the pharmacological and poisonous properties of C. 
procera (Nsekuye, 1994; Basu et al., 1997), but there is 
not much literature on possible toxicity of the aqueous 
extract on organs and systems of an animal. 

The  chewing  movement of the mouth observed is also  



462         Afr. J. Biotechnol. 
 
 
 
Table 1. Clinical signs observed on administration of the aqueous extract of C. procera (acute toxicity studies). 
 

Group/ 

dose 
(mg/kg) 

Average 

fasting 

weight (kg) 

Average Volume 
administered 

(m/s) 

Onset of 

toxicity 

(mins) after 

Mortality 
x/y (mins) 

Observation 

I (200) 1.1 2.1 5.7 0/3  (-) Chewing movement of the mouth, fast and abnormal heartbeat. 

II (400) 1.2 4.7 2.0 0/3  (-) Chewing movements of the mouth, engorged blood vessels of the 
ears, depression, photophobia, epistotonus and rapid abnormal 
breathing. 

      

III (800) 1.3 10.4 3.7 1/3 (1277) Chewing movements of the mouth, engorged blood vessels of the 
ears, bradycardia, prostration, depression, serous discharge from 
the anus after four hours, pawing, sneezing, coughing, difficult 
abdominal breathing. 

      

IV (1600) 1.7 17.5 2.3 3/3 (5.7) Gasping, difficult abdominal breathing, dog sitting, epistotonus, 
excitation, prostration, frothy vomiting, staggering, gasping, 
convulsion and circling movements 

      

V (Water) 0.9 14.4 - - No observable changes 
 

Mortality 
x
/y: x = Death in the group and y = number of animals per group. 

 
 
 

Table 2. Percentage mortalities on administration of the aqueous extract of C. procera (acute toxicity studies). 
 

Group Dose Regimen (mg/kg) Survival (
x
/y) Mortality (

x
/y) Mortality (%) Cumulative mortality (%) 

I 200 
3
/3 

0
/3 0.0 0.0 

II 400 
3
/3 

0
/3 0.0 0.0 

III 800 
2
/3 

1
/3 33.3 33.3 

IV 1600 
0
/3 

3
/3 100.0 133.3 

 

(
x
/y): x, animals that survived and y, number of animals per group. 

 
 
 
reported by Dada et al. (2002) and considered to be a 
taste of palatability. The fast and abnormal heartbeat, 
bradycardia and gasping for breathe are indicative of 
some damage inflicted on the heart and this can be 
attributed to cardiac glycosides. Engorgement of blood 
vessels of the ears shows that there was circulatory 
disturbance. The lesions observed in the lungs, liver, 
brain and kidney grossly confirmed the clinical signs ob-
served. Catarrhal enteritis reported by Mahmoud et al. 
(1979) was also observed but diarrhoea reported by 
Dada et al. (2002) in Wistar rats was not noticed.  

Respiratory difficulties are indicative of lymphocytic 
cellular infiltration of the lungs due to presence of blood 
cells and fluid in air sacs. Disruption of cardiac 
architecture, with generalized necrosis of the myocardium 
could be attributed to cardiac glycosides which have the 
ability to inhibit the membrane potential through obstruct-
tion of the Na

+
/K

+ 
ATPase pump (Al-Robai et al., 1993). 

Hepatic oedema with slight necrosis of portar triad and 
hyperplasia of the bile duct was found to run across the 
groups, indicating that the liver was damaged but not 
markedly.  Previous   study  by   Kaneko   and  Cornelius, 

(1980) indicates that alanine amino tran-sferase is found 
in high concentrations in hepatic tissues of dogs, cats 
and primates and elevation of its activity in plasma 
indicates hepatocellular damage. Another study reports 
that increase in plasma enzyme activities often seen 
following liver damage does not indicate an increase in 
liver ability to synthesize that enzyme but rather a loss of 
material from damaged hepatocytes. For there to be any 
increased level of serum enzymes in blood, the liver must 
be greatly damaged (Jato et al., 2009). This dispels 
toxicity due to high levels of biochemical and 
haematological parameters. 

Congestion of the kidneys suggests the failure of the 
kidney to excrete potassium, leading to increased levels 
of potassium in the extracellular fluid (Morag, 1989) and 
blood urea. Catarrhal enteritis seen grossly is confirmed 
histopathologically by erosion of the villi of the small 
intestine with lymphocytic infiltration. Meningitis indicates 
that there is obstruction of communication with the brain, 
hence lack of coordination, circling movement, staggering 
and convulsion. The continuous increase in weight of 
both control  and test groups observed in rabbits has also 
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Figure 2. Histopathological studies. Slide a) Kidney: Cellular infiltration and oedema of the renal tubules of the medulla, with congestion, 
marked engorgement of renal blood vessels with red blood cells. (Hematoxylin-Eosin, x40) b) Liver: Generalized necrosis, perivascular 
cellular infiltration and hepatic oedema with fluid in the sinusoid. (Hematoxylin-Eosin, x40) c) Lung: Peribronchial lymphocytic infiltration of 
blood into the alveoli of the lungs. (Hematoxylin-Eosin, x40) d) Small Intestine: Erosion of the Villi with lymphocytic infiltration. (Hematoxylin-
Eosin, x40). X - Lesion to tissues. X - Mild Lesion and XX – Severe Lesions. 
 
 
 

been reported in Wistar rats  by  Ajagbonna et al.  (1999) 
and could rather be attributed to the presence of some 
nutrients, making the extract palatable. This however 
opposes the weight loss reported in Wistar rats by Dada 
et al. (2002).  

It was therefore concluded that the crude extract of C. 
procera affects organs when administered to rabbits and 
depends on the duration for which it is consumed. The 
results of sub-chronic toxicity studies could improve, 
since this might allow enough time for significant damage 
on the liver and  other  organs,  thereby  ascertaining  the 

extent of damage and paving the way for possible 
conclusions of the pharmaceutical prospects. 
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In vitro propagation of banana preferably use sword sucker as explant source where microbial 
contamination poses a great problem in establishment of aseptic cultures. This study demonstrates up 
to 36% reduced microbial contamination in aseptic culture establishment and subsequent 
micropropagation due to osmotic stress induction in the banana suckers. Osmotic stress was induced 
by keeping the freshly collected suckers in shade and measuring fresh weight at 0, 7, 14, 21, and 28 
days interval to ascertain loss of moisture. Stress induced for 21 days showed 58.85% moisture loss 
showing lowest contamination upto 40% against 76% for fresh suckers. Micropropagation of Musa sp. 
(Malbhog variety) through shoot tip culture of stressed suckers was carried out in Murashige and 
Skoog (MS) medium supplemented with 1 to 2 mg/l 

 
6-benzyl-aminopurine (BAP), 2 to 4 mg/l

 
2,4-

dichlorophenoxyacetic acid (2,4-D) and 0.5 mg/l 
 
α-naphthalene acetic acid (NAA). Multiplication of 

plantlets was observed till 6
th

 passage. From 19 aseptically established explants of 21 days stressed 
sucker sub cultured in MS medium fortified with 1.0 mg/l

 
BAP and 0.5 mg/l NAA, for 6

th
 passage 

produced 5122 plantlets. Regenerated micro shoots were rooted in MS medium fortified with 0.5 mg/l 
IAA. The plantlets were hardened in polybag containing soil and seasoned cow dung.  
 
Key words: Osmotic stress, shoot tip culture, in vitro, Musa, Malbhog.  

 
 

INTRODUCTION 
 
Banana is an important group of plants that provides 
millions of livelihood.  India has a rich genetic diversity of 
banana with more than 90 distinct clones. Banana is 
grown under diverse conditions and production systems 
and hence selection of varieties is based on needs and 
situation. Around 20 cultivars viz. Dwarf Cavendish, 
Robusta, Monthan, Poovan, Nendran, Red banana, 
`Safed Velchi, Basrai, Ardhapuri, Rasthali, Karpurvalli, 
Karthali, Grande Naine, Malbhog etc. are commercially 
cultivated. Malbhog is a Musa cultivar of AAB genomic 

group under subgroup of silk type having reference 
accession number TRY0077 (Daniells et al., 2001) 
commonly found in Assam, India. Malbhog banana is 
very popular and has high commercial value in Assam 
due to its sweet aroma, taste and high post-harvest life. 
However, shortage of quality planting materials remains 
the bottleneck for the banana farmers of the state.  
Tissue culture techniques have been employed for large 
scale banana planting material production. Many 
regeneration protocols dealing with different Musa 
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species has been reported for in vitro propagation of 
banana and plantains (El-Saghir,1997; Kodym and 
Zapata-Arias, 2001; Vidhya and Nair, 2002; Madhulatha 
et al., 2004; Sebastian and Mathew, 2004; Anilkumar and 
Sajeevan, 2005; El-Dougdoug et al., 2006; Kulkarni et al., 
2006; Darvari et al., 2010; North et al., 2012; Ngomuo et 
al., 2014; Qamar et al., 2015). However establishment of 
aseptic culture remain a great challenge for banana 
micropropagation. Endo-bacterial contamination is one of 
the major problems for aseptic establishment of banana 
where the contaminants may survive in the plant material 
for several subculture cycles and it may over extend the 
period of time without expressing symptoms in the tissue 
or visible signs in the medium (Van Den Houwe and 
Swennen, 2000). The use of antibiotic, commercial 
fungicide, thermotherapy, warm water treatment and 
ultrasonic treatment are some of the commonly used 
methods to control in vitro contamination (Cole, 1996). In 
this report, osmotic stress induction of banana suckers as 
a technique to reduce microbial contamination and its 
subsequent influence on multiplication is emphasized. 
 
 
MATERIALS AND METHODS 
 
Stress induction 
 
Two months old sword suckers of banana variety Malbhog were 
collected from farmer’s field of Assam, India. Sucker were washed 
thoroughly under running tap water for half an hour and stress was 
induced by keeping the cleaned suckers in shade and fresh weight 
were recorded at 0, 7, 14, 21, 28 days interval to ascertain loss of 
moisture. Loss of moisture was calculated as follows: 
 
Moisture loss (%): a-b/a x 100  
 
where, a = initial fresh weight of suckers; b = fresh weight of 
suckers after stress for d. 
 
 
Establishment of explants in aseptic media 
 
After each interval of stress induction, 25 suckers were washed 
under running tap water for 30 min and trimmed into square block 
ranging from 5 to 8 cm in sizes and dipped in fungicide solution (2 
gm/l Bavistin and 100 mg/l ascorbic acid) for 30 min followed by 
washing with liquid detergent (Extran, Merck, 0.05 ml/l) for 20 min 
and 4 to 5 times rinsed with clean water. Thereafter, sucker cubes 
were treated with Savlon (Johnsons and Johnsons) for 30 min and 
brought under laminar hood. Surface sterilization was carried out 
with 0.1 mg/l HgCl2 fortified with 2 to 3 drops of Tween 20 (Merck) 
for 10 to 12 min and the disinfectant was removed by 4 to 6 rinse 
with sterile distilled water. After surface sterilization the cut ends of 
explants were trimmed with a sterile surgical blade and the shoot 
tips of 8 to 10 mm from decapitated shoot apexes of suckers are 
carefully inoculated in pre sterilized MS medium (Murashige and 
Skoog, 1962) supplemented with 1 to 2 mg/l 6-Benzyl-aminopurine 
(BAP), 2-4 mg/l 2,4-dichlorophenoxyacetic acid (2,4-D) and 0.5 mg/l 

α-naphthalene acetic acid (NAA), 30 g  /l  sucrose, 2.2 g /l Gelrite. 
The pH of the medium was adjusted to 5.8 using 0.1 M NaOH 
before autoclaving for 20 min at 121°C at 15 lbs psi pressure. The 
inoculated media with explants were incubated in the growth room 
at 25±2°C with 16 h illuminations. The influence of stress on 
contamination reduction was calculated as follows: 

 
 
 
 
Contamination % = c-d/c*100  
 
where c = contamination of explant of fresh suckers d = 
contamination of sucker explants stressed for d. 
 
 
Plant multiplication 
 
Aseptically established explants were subcultured into basal 
medium (MS) with varying combination of 0.5 to 1 mg/l of BAP, 0.5 
mg/l  NAA and 2 to 4 mg/l  2, 4-D. Number of plantlets from each 
explant was recorded for subsequent subculture till 6th passage. 
Subculture was carried out at every 3 weeks interval.  
 
 
Root induction and hardening 
 
Microshoots of 4 to 5 cm length were separated from the cluster 
and inoculated into MS medium supplemented with 0.5 mg/l IAA. 
Rooted plantlets of 6 to 8 cm length were taken out from culture 
bottle and washed under running tap water for 10 min to remove 
media attached to root system. Thereafter plantlets were treated 
with 1 g/l Bavistin for 5 min and transferred to polybag (size 12 × 18 
cm) containing river sand and kept inside the polyhouse for 21 
days. Subsequently, these plantlets were transferred to larger 
polybag (size 15 × 21 cm) containing soil, seasoned cow dung at 
1:1 and kept under agro shade net house with provision of 50% 
penetration of natural light. Irrigation was ensured depending on the 
requirements. 
 
 
RESULTS  
 
Stress induction and impact on contamination 
reduction 
 
Fresh weight of banana suckers decreased with 
increasing storage duration due to loss of moisture and is 
expressed as induced osmotic stress. The moisture loss 
ranged between 15 to 70% during 7 to 28 days of shade 
storage (Figure 1a, b). Bacterial contamination was 
visible within 3 days of the inoculation. The lowest 
contamination (36%) was recorded in 21 days of shade 
storage where the sucker has lost 58% of moisture 
(Figure 1c, d). Increasing moisture loss has negative 
relation with microbial contamination till 21 days (Table 
1). This could be attributed to the microbial load present 
at the periphery of suckers reduced due to drying of 
suckers.  
 
 
Influence of pre induced stress on regeneration 
potential 
 
Initially, the aseptic shoot tip cultures swell at base and 
developed green colour irrespective of growth hormone 
supplementation after 3 weeks of inoculation. In the sub-
sequent week, it formed shoot with swollen corm. Corms 
after dissection into halves and subcultured in MS me-
dium produced microshoots from the base. Regeneration 
of microshoots in MS basal medium increased from 69 
microshoots for fresh suckers to  586  for 21  days  stored  
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Figure 1a. Fresh collected Malbhog sucker. 

 
 
 

 
 

Figure 1b. Malbhog suckers stored for 21d in shade. 

 
 
 
sucker after six passages. Effect of different combination 
of BAP, NAA and 2,4-D were studied for in vitro 
multiplication of the stress induced explants. Among the 
various combinations, the effective results were obtained 
on the MS medium supplemented with BAP and NAA. 
The shoot proliferation was found to be best in MS basal 
medium supplemented with BAP (1.0 mg/l) and NAA (0.5 
mg/l). Subculturing of the in vitro raised microshoots for 
multiplication on the same medium induced multiple 

shoots. Shoot multiplication and clump formation at the 
base was observed after two to three subcultures. After 
attaining vigorous growth and proliferation, the clumps 
were divided into smaller clumps and transferred to the 
same medium for further multiplication. In this com-
bination, the micro shoot regeneration increased to 5221 
after 6th passage (Table 2 and Figure 1e, f). The fully 
grown healthy plantlets were aseptically transferred to the 
MS basal medium supplemented with 0.5 mg/l IAA  for  in  
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Figure 1c. Malbhog explant from stressed sucker ready for surface sterilization. 

 
 
 

 
 
Figure 1d. Aseptically established Malbhog explant. 

 
 
 

Table 1. Effect of different storage duration on moisture loss of Banana Malbhog suckers and its impact on 
contamination reduction during in vitro culture.  
 

Parameters 
Stress duration (days) 

0 7 14 21 28 

Average weight loss (%)  ± SE 0 15.65 ± 0.10 37.79 ± 0.19 59.36 ± 0.21 72.98 ± 0.22 

Contamination (%) 76 72 48 40 56 
 

Contamination recorded 7 days after inoculation. 25 explants were used for each treatment. 
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Table 2. Effect of different storage duration of Banana Malbhog suckers on multiplication efficiency. 
  

MS + PGR (mg./l) Stress 
duration 
(days) 

Number of explants 
aseptically 
established 

Number of microshoots after each passage 

1 2 3 4 5 6 
BA NAA 2,4-D 

- - - 

0 

6 6 10 16 25 57 69 

2   6 10 17 38 55 78 95 

1 - 2 4 7 16 48 71 156 210 

1 - 4 8 15 36 66 82 187 402 

1 0.5 - 9 16 47 70 133 228 562 

- - - 

7 

8 12 26 40 58 73 108 

2   9 16 52 106 218 345 569 

1 - 2 8 16 43 94 238 457 734 

1 - 4 11 24 50 114 190 558 1132 

1 0.5 - 13 37 63 124 218 772 1296 

- - - 

14 

13 20 45 68 109 203 269 

2   13 24 50 106 243 746 1154 

1 - 2 12 23 65 124 462 773 1344 

1 - 4 14 40 64 213 616 1044 2256 

1 0.5 - 16 43 70 228 697 1349 2416 

- - - 

21 

15 36 69 113 302 445 586 

2   15 40 74 173 398 774 1119 

1 - 2 16 42 80 190 452 827 1240 

1 - 4 18 56 117 360 1159 3012 5170 

1 0.5 - 19 62 150 457 1327 3610 5221 

- - - 

28 

11 20 39 62 120 196 287 

2   13 28 46 111 236 686 774 

1 - 2 10 26 47 92 467 570 1093 

1 - 4 15 30 55 109 480 910 1215 

1 0.5 - 16 41 60 94 551 1012 2312 
 

Explants inoculated for each treatment are 25. 

 
 
 
 

 
 

Figure 1e. Micro shoot cluster of 21d stress induced sucker in MS 
supplemented with 1mgl BAP and0.5mgl NAA. 
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Figure 1f. Shoots ready for root induction. 
 
 
 

vitro root induction and recorded 9 numbers of healthy 
roots per shoot within 9 days of culture. The in vitro 
rooted plantlets were washed thoroughly in running tape 
water and planted in sterile potting mixture and hardened 
in a agro shade house under 50% penetration of natural 
light and 70% relative humidity (RH) for two weeks. After 
four weeks of hardening, the established plants were 
transferred to the field. This clearly indicates that pre 
inoculation stress induction to suckers was beneficial for 
reduction of microbial contamination and subsequent 
microshoot production. 
 
 

DISCUSSION 
 

Banana is cultivated in humus and organic matter rich 
soil where microbial load in rhizosphere region is very 
high and poses challenge to establish aseptic culture. 
Various techniques to contain contamination begin with 
pretreatment of donor plants to reduce contamination 
(Holdgate and Zandvoort, 1997) with antibiotics and 
fungicides (Kritzinger et al., 1997) as well as anti-
microbial formulations, such as plant protection mixture 
(PPM) (Guri and Patel, 1998). The explants are also 
culture indexed for contamination by standard microbio-
logical techniques, which are occasionally supplemented 
with tests based on molecular biology or other techniques 
(George, 1993; Leifert and Woodward, 1998; Leifert and 
Cassells, 2001). Since plants do not have an immune 
system to antibiotics and as such many of the antibiotics, 
that are effective against bacteria, fungi, and phy-
toplasmas, are toxic to plants as well.  Use  of  antibiotics 

 
 
 
 
is not full proof or the desired method to get rid of 
microbial contamination (Pierik, 1989). Islam and 
Zobayed (2000) reported microbial contamination in 
banana using sugar free medium. We report inexpensive 
and effective mode of microbial contamination reduction 
due to stress induction in suckers. Besides reducing 
contamination, this technique also has the advantage of 
stretching inoculation period after material collection.  

Plants cell experience severe strain and stresses 
during multiplication of plantlets under artificial medium 
depending on the hormonal combination. Thus, 
synergistic effect of BAP and auxin on shoot proliferation 
has already been reported in banana tissue culture (El-
Saghir, 1997; Nauyen and Kozai, 2001; Kagera et al., 
2004; Kalimuthu et al., 2007; Sheidai et al., 2008; Qamar 
et al., 2015). In the present experiment, plants tissue 
were exposed to osmotic stress during pre-inoculation 
stage and its subsequent exposure to hormonal combina-
tion in the artificial medium responded exceptionally well 
for microbial contamination reduction and multiplication of 
microshoots. This is the first report to study the influence 
of stress on contamination free in vitro establishment and 
multiplication of microshoots (Tables 1 and 2). Root 
induction is one of the important steps in plant tissue 
culture. In case of banana, rooting occurs simultaneously 
for 4 weeks old cultures. However, micro shoots when 
subcultured in MS medium fortified with 0.5 mg/l IAA 
induced 9 numbers of healthy roots per shoot within 9 
days of culture. Rooting of microshoot in IBA supple-
mented media has been reported (Haq and Dahot, 2007).  

Hardening of plantlets in two stages was found 
beneficial. Initially, plantlets were transplanted into river 
sand with intermittent watering for 21 days in polyhouse 
followed by subsequent transplanting into larger polybag 
with river sand and seasoned cow dung in agroshade 
resulted to satisfactory survival and growth.  

 
 
Conclusion 
 
Microbial contamination in tissue culture could be 
curtailed for sucker based banana explant by inducing 
stress for 21 days storage in shade. This technique also 
increases the multiplication efficiency of microshoots in 
the subsequent subculture. The present protocol with 21 
days osmotic stress induction of banana suckers with MS 
medium fortified with BAP (1.0 mg/l) and NAA (0.5 mg/l) 
for in vitro establishment, shoot initiation, mass scale 
multiplication, rooting and two step hardening could be 
used for mass scale production of banana planting 
material.  
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The present study was undertaken to evaluate the most suitable concentration of growth regulators for 
callus induction and subsequent organogenesis in Abutilon indium (L.) Sweet (Malvaceae) leaf, stem 
and seed explants. Since the plant has a lot of medicinal importance, it was subjected to culture in vitro. 
Kinetin for seeds, 2,4-dichlorophenoxyacetic acid (2,4-D), benzyl amino purine (BAP), naphthalene 
acetic acid (NAA) and indole-3-acetic acid (IAA) for leaf as well as BAP and  kinetin for stem were the 
growth regulators used at different concentrations individually. Results showed that growth regulators 
at different combinations on subculture resulted in the regeneration of shoots. The excised shoots were 
transferred to liquid medium for in vitro rhizogenesis and plantlets were acclimatized in the laboratory 
conditions before they were transferred to garden soil. Histologically, callus sections were with active 
centres, embryoids and multiple shoot buds. Cytological variations such as multinucleate, 
chromosome bridges, polyploidy and tracheary elements were noticed in callus cells. The regenerated 
plants were morphologically and cytologically similar to the in vivo plants.  
 
Key words: Embryoids, multiple shoot buds, multinucleate, polyploidy, Malvaceae. 

 
 
INTRODUCTION 
 
Abutilon indicum (Malvaceae) is a hairy medicinal 
undershurb with golden yellow flowers, abundant 
throughout the hotter parts of India. In Karnataka it is 
called Srimudre. The bark finds use as febrifuge lessens 
(perspiration), allays thirst and vomiting. The root cures 
uterine haemorrhagic discharges. The leaves are cooked 
and eaten in the case of bleeding piles. Its decoction is 
used in bronchitis, jaundice, gonorrhoea and 
inflammation of the bladder. It is also used in mouth wash 
in the case of tooth ache (Kirtikar and Basu, 1918). Since 

this is an important medicinal plant, there is an increased 
demand of A. indicum biomass to meet the requirements 
of medicine and has generated need to undertake large 
scale cultivation by the donor plant. Propagating this 
plant through tissue culture may be a solution to the 
above problem. Regeneration of plants from callus may 
help to induce variability in this plant for future 
improvement. This may result in the generation of useful 
somaclonal variants not available by conventional 
methods.  Over the last years, a number of micropropagative 
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Table 1. Callus response of A. indicum explants on various types of 
media. 
 

Medium Growth regulator (mg/l) Seed Stem Leaf 

MS 

2,4-D  1.0 - + ++ 

2,4-D  2.0 - ++ +++ 

Kinetin  1.0 +++ ++ + 

Kinetin  2.0 ++ + - 

     

B-5 

2,4-D  1.0 - + - 

2,4-D  2.0 - - + 

Kinetin  1.0 + + - 

Kinetin  2.0 + - - 

     

White’s 

2,4-D  1.0 - + + 

2,4-D  2.0 - - - 

Kinetin  1.0 + - - 

Kinetin  2.0 + - - 
 

+ Low yield, ++ moderate yield, +++ high yield. 

 
 
 
protocols have been developed using a variety of 
explants like shoot tip, axillary buds, stem cuttings and 
leaf segments. 

Callus mediated plant regeneration is an easy way to 
obtain somaclonal variants as has been emphasized in 
other several plants (Dhar and Joshi, 2005; Agrawal and 
Sardar, 2006). Moreover, in vitro morphogenesis without 
a callus phase is regarded as the most suitable strategy 
to obtain plants with high speed as well as genetical 
fidelity. In the present study, whole plant regeneration 
from various explants of A. indicum was reported.  
 
 
MATERIALS AND METHODS 
 
Explant preparation 
 
Different explants like dry seeds, stem (both node and internode) 
and leaf segments were excised from the healthy plants maintained 
in the botanical garden, University of Mysore, Manasagangotri, 
Mysore. Seeds, stem and leaf segments were washed under 
running tap water for ten minutes followed by surface sterilisation 
with 0.1% HgCl2 for 10, 7 and 5 min, respectively. This was 
followed by a dip in absolute alcohol and washed with sterile 
distilled water for 5-6 times. The excess water from explants was 
removed using sterile blotter discs. Stem and leaf explants were cut 
in appropriate sizes before inoculation.                                                                              
 
 
Media preparation 
 
Three types of media: White (1943), Murashige and Skoog (1962) 
and Gamborg et al. (1968) were prepared, supplemented with 
various concentrations and combinations of growth regulators; 2-
3% sucrose was added to the medium as a carbohydrate source 
and 0.8-0.9% bacteriological grade agar was added as solidifying 
agent. pH of the medium was adjusted to 5.8-6 prior to autoclaving 
at 121°C for 15 min. For callus induction, 2,4-D and kinetin (1 and 2 
mg/l) were used for  all  the  explants  used  (Table  1).  Callus  was   
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subcultured on MS basal medium as well as growth regulator 
fortified MS medium (Table 2). 
 
 
Inoculation and incubation     
    
Aseptically, the explants (4-5) were inoculated into the Erlenmeyer 
flasks on to the solid medium. After labelling, cultured flasks were 
transferred to incubation chamber maintaining the humidity of 75-
80% at 21±1°C under artificial fluorescent white, cool light at 70 
Em2s-1 for 16 h. For each treatment, 20 flasks were replicated. 
Experiment to know the percentage of callusing of explants on 
different types of media was conducted and presented in Table 1. 
For multiple shoot induction and multiplication, callus was 
subcultured to the MS medium supplemented with different 
combinations and concentrations of growth regulators (Table 3). 
After regeneration of plantlets, the shoots were transferred to liquid 
medium containing auxins alone at different concentrations and in 
combinations. All the experiments were repeated at least thrice and 
were statistically analysed by ONE WAY ANOVA (SPSS). 

For cytological preparations, the callus was pretreated with 8-
hydroxyquinoline (0.2%) for 3.30 h, washed with water and fixed in 
Carnoy‘s fixative-1 for 24 h and stored in 70% alcohol. The callus 
was treated with 2% mordant for 10 min and washed in 45% 
propionic acid. Subsequently stained in 2% Heidenhain’s 
haematoxylin and squashed in 10% propionic acid before the slides 
were made permanent.    

For histological studies, fixed material was dehydrated in ethanol-
xylene series and embedded in paraffin, sections of 9-11 µm in 
thickness were stained with Heidenhain’s haematoxylin and made 
permanent.                   
 
 

RESULTS 
 

Seeds germinated in vitro a week after inoculation and 
callused from the excised hypocotyl regions of the 
seedlings within three days. The proliferated callus 
exhibited yellow and friable nature. The callus on 
subculture to MS medium supplemented with a 
combination of auxins and cytokinins exhibited various 
morphological characters and presented in Table 2. The 
callus proliferation was observed in all the treatments and 
the callus on subculture at 3 mg/l benzyl amino purine 
(BAP) and 1 mg/l naphthalene acetic acid (NAA) and at 2 
mg/l BAP and 1 mg/l

 
NAA induced shoot buds (Figure 

2) from hard green compact callus.  
Stem explants particularly, internodes after callus 

induction were subcultured on the same medium supple-
mented with various growth regulators both individually 
and in combinations at different concentrations. The 
same is presented in Table 2. The response of stem 
callus on subculture showed little or no morphological 
changes except in the combination of BAP and NAA 
where multiple shoot buds were differentiated from the 
proliferated callus (Figure 3). The leaf explants callused 
from the ventral surface better than the dorsal surface. 
Morphologically, the callus of ventral surface was soft 
and coherent while that of dorsal surface was hard and 
nodular.  

The callus that proliferated in the primary culture was 
subcultured on hormone-free medium as well as on the 
medium supplemented with growth regulators  alone  and 
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Table 2. Effect of subculture of calli from different explants on MS medium supplemented with various growth regulators. 
 

Growth regulators Seed callus Stem callus Leaf callus 

Basal - Proliferation - 

2,4-D Proliferation -- Callus proliferation (Figure 1) 

BAP Friable Proliferation Shoot bud at 2 mg/l 

Kn Luxuriant callus - Root initiation 

NAA - Root initiation Cohesive callus 

BAP+IAA Root initiation - - 

BAP+NAA Shoot buds at 2mg/l + 1mg/l Multiple shoots at 3mg/l + 1mg/l Shoot buds at 3 mg/l + 1 mg/l 

BAP+Kn Green callus -- -- 

BAP+CH
* 

-- -- Shoot buds 
 

*CH- Casein hydrolysate. 
 
 
 

 
 

Figure 1. Leaf callus proliferated on MS + 2,4-D. 
 
 
 

Table 3. Effect of different concentrations and combinations of BAP and NAA on multiple shoot formation from various explants in A. 
indicum 
 

Growth 
hormone 
(mg/l) 

Leaf  Stem  Seed 

Response    
(%) 

Average no of 
shoots/explant 

 
Response    

(%) 
Average no of 
shoots/explant 

 
Response 

(%) 
Average no of 
shoots/explant 

BAP         

0.5 10 4±0.5  4 1.5±0.6  - - 

1.0    11    1.8±0.5 

2.0 18 6.5±0.8  15 5.1±0.9  8 3.1±0.4 

3.0 25 8.3±0.6  21 7.2±1.4  10 4.3±0.3 

5.0 15 5±0.2  12 4.4±0.5  6 2.8±0.1 

         

BAP+NAA         

1+0.5 40 10±0.2  15 5±1.0  7 3.0±0.8 

2+1 55 18.0±0.5  22 7.5±1.1  11 4.5±0.3 

3+1 75 20.2±2.2  30 8.6±0.9  13 4.7±0.5 

4+1 45 10.6±0.3  14 4.9±0.8  10 4.4±0.6 
 

*Each treatment consists of 25 replicates and each treatment was repeated at least thrice. 
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Figure 2. Differentiation of shoot buds from seed callus on MS+2 mg/l BAP + 1 
mg/l NAA.  

 
 
 

 
 

Figure 3. Differentiation of shoot buds from stem callus on MS+3 mg/l BAP + 1 mg/l NAA. 

 
 
 
in combinations and their responses are presented in 
Table 2. On BAP (2 mg/l) alone as well as on BAP and 
NAA combinations, morphological nature of the callus 
was observed wherein several shoots were differentiated 
(Figure   4).    The    excised    shoots    after  rooting  and  

acclimatisation were transferred to pots (Figure 5).  
Shoot proliferation from all these explants differed 

according to concentrations of cytokinin alone or in 
combinations of cytokinin and auxin used (Table 3). Of 
the three explants, the best and  rapid  regeneration  was  



476         Afr. J. Biotechnol. 
 
 
 

 
 

Figure 4. Regeneration of shoots from leaf callus on MS +3 
mg/l BAP + 1 mg/l NAA. 

 
 
 

 
 

Figure 5. Acclimatised plant. 

 
 
 
 
observed in leaf explants on MS medium supplemented 
with 3 mg/l BAP and 1 mg/l NAA. This treatment yielded 
highest number (75) of regenerated shoots than stem 
explant (30) followed by seed explants showing least fre-
quency (13%). Regenerated plants from these explants 
subcultured on the same medium yielded more number 
of shoots and remained constant after 4

th
 subculture. 

Shoots were harvested every 25-35 days and 70% of 
shootlets produced roots on the rooting medium 
containing NAA (1.0 mg/l) after 15 days and showed 
highest rooting efficiency (Table 4). Indole-3-acetic acid 
(IAA) and IBA also induced more number of root initials. 

The well-developed plantlets were transferred to the 
cups containing vermiculite and peat in 1:1 ratio followed 
by acclimatisation in moist chamber having 85-90% 
humidity and finally transferred to garden soil. 

Histological studies of the callus from all the explants 
have been studied. Seed callus in section possess 

growth or active centres with compact cells having dense 
cytoplasm and conspicuous nuclei (Figure 6). In the 
embryogenic calli, embryoids and shoot buds were 
observed. The stem callus in section showed 
homogenous mass of large and vacuolated parenchyma 
cells in the centre while peripherally the cells are densely 
cytoplasmic and compact from which multiple shoot buds 
were differentiated. The leaf callus in section showed well 
organised shoot buds interspersed with embryoids of 
various shapes (Figure 7). Each shoot bud is with a 
prominent shoot apex flanked by two primordial leaves 
(Figure 8) and each embryoid possesses an outer jacket 
layer and inner mass of cells connected by a vascular 
strand at the base of the embryoid. 

The calli of all the explants from primary cultures 
showed normal mitotic behaviour. After subsequent 
subcultures, the callus of 2-month-old was found to 
possess cytological observations like multinucleate cells, 
chromosomal bridges (Figure 9) at anaphase, ployploid 
cells (Figure 10) and tracheary elements.    
 
 
Morphology of regenerated plants 
 
Well established regenerated plants from the seed and 
stem cultures resemble the in vivo plants in all respects. 
Regenerated plants from the leaf cultures though 
cytologically similar to in vivo plants, the growth of the 
plant is robust and measured two meters in height. The 
flowers from these tall plants showed gorgeous flowers 
with good seed setting.  
 
 
DISCUSSION 
 

In the present investigation, it was found that MS medium 
was an effective nutrient medium for callus maintenance 
and plant regeneration in all the explants studied. Plant 
regeneration achieved in this species depend on the 
concentration of cytokinin  along  with  auxin  in  a  proper  
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Table 4. Effect of auxins on root induction in in vitro raised shoots of A. indicum. 
 

Auxin concentration (mg/l) Shoots rooted (%) Number of roots/shoot 

NAA (0.5) 45 11.7±0.2 

NAA (1.0) 70 18.1±0.4 

NAA (2.0) 30 9.9±0.1 

IAA (0.5) 35 8.1±0.9 

IAA (1.0) 60 15.3±0.5 

IAA (2.0) 40 10.6±0.7 

IBA (0.5) 40 10.4±0.6 

IBA (1.0) 55 14.7±0.3 

IBA (2.0) 25 8.4±0.2 
 

*Each treatment consists of 25 replicates and each experiment was repeated at least thrice. 
 
 
 

 
 

Figure 6. Active centres in callus section. 

 
 
initial ratio unlike in Cucumis (Trulson and Shahin, 1986), 
where differentiation depend on the presence of lower or 
higher concentrations of auxins and are independent of 
cytokinins. During subcultures, the calli produced plant-
lets in the presence of auxin and cytokinin combinations 
similar to the work on Hoslundia opposita (Prakash and 
Van Standen, 2007) and Withania somnifera 
(Parashuram et al., 2009). In all the explants of the pre-
sent study, root formation was observed only at very low 
concentration of auxins and was inhibited at higher con-
centrations. Contrary to this, Bhansali and Arya (1978) 

reported that root formation was completely inhibited at 
lower levels of auxin in Citrus stem and leaf cultures. The 
excised shoots failed to induce roots in the combinations 
of auxins contrary to the work of Sri Rama Murthy (2010) 
who demonstrated that the combinations of different 
auxins IBA and NAA had cumulative effect and played a 
great role in the induction of roots. The best root 
development was recorded at 1 mg/l NAA. Anuradha and 
Pullaiah (1992) reported that NAA was a more effective 
rooting agent for Morus alba.   

Histological evidences revealed  that all these  explants 
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Figure 7. An embryoid in embryogenic callus.  

 
 
 

 
 
Figure 8. A differentiated shoot bud in section with a pair of 
primordial leaves. 
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Figure 9. Chromosome bridge at anaphase. 

 
 

 
 

Figure 10. A polyploid cell at early anaphase. 

 
 
exhibited differentiation in the form of shoot buds and 
also embryoids. After four weeks, from the embryogenic 
calli, protuberances of somatic embryo initials were 
observed. In most cases, regeneration of shoots from all 

these explants was obtained through organogenesis, 
while some plants were regenerated through 
embryogenesis. Somatic embryogenesis in A. indicum is 
frequent, in contrast to the work of Pillon et al.  (1996)  on  
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Arabidopsis cultures, but at par with the work of Fras et 
al. (2002), wherein they were able to achieve highest 
frequency of advanced somatic embryos. The callus 
showed ability for normal organogenesis upto 5

th 
and 6

th
 

subcultures which decline further in its regeneration 
potential. 

Mitotic abnormalities in the primary cultures were not 
seen as there was induction of differentiation in cultures 
and there was a stable chromosomal state in the callus. 
Similar observations were reported in the callus cultures 
of Beta vulgaris, where a large number of diploid 
regenerants were obtained (Jacq et al., 1992). In the later 
subcultures, chromosomal abnormalities such as 
chromosomal bridges, multinucleate, multinucleolate, 
asynchrony and polyploidy cells were evident. The 
occurrence of polyploidy phenomenon may be due to 
endoreduplication, a case found in cultures of Singh 
(1984). In vivo cytological studies showed no polyploid 
cells but in vitro, the callus cells exhibited polyploid cells 
(3%) as compared to the cultures of tomato (van den 
Bulk et al., 1990) where there is a polyploidy both in vivo 
and in vitro. Moreover, occurrence of this polyploid 
behaviour may be due to the culture conditions they are 
subjected to as well as genotype of explant.  

The callus that proliferated on the medium 
supplemented with cytokinin was subcultured on the 
hormone-free medium to find tracheary elements 
suggesting that the initial application of an exogenous 
cytokinin is sufficient to induce xylogenesis in the 
preceding cultures without the addition of growth 
hormones and subsequently inducing shoot and root. 
Similar type of behaviour has been observed in tissues of 
Allium sativum (Novak, 1981). Xylem differentiation has 
been studied in tissue culture for a number of years but 
still what controls, where and when in the differentiation 
pathway is still a conundrum. 

The plantlets with well-developed shoot-roots were 
transferred to pots containing soilrite and the acclimatized 
plants were finally transferred to soil with 80% survival 
rate. It is inferred that the technique described here 
provides a promising method for rapid propagation of this 
medicinal plant species. 
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