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Phosphorus solubilizers naturally acidify rhizospheric soil and increase phosphorus availability; 
therefore, their evaluation may help to reduce phosphorus fertilizer use. This work aimed to evaluate 
the different selection methods and select inorganic phosphorus-solubilizing bacteria as potential 
plant-growth promoters. Bacterial isolates obtained from sugarcane roots and soil were tested using 
solid growth media containing bicalcium phosphate and Irecê Apatite ground rock phosphate as 
phosphorus sources. Seven isolates with high (3), moderate (3) and low solubilization indices (1) and 
the Pseudomonas fluorescens R-243 strain were tested in two liquid growth media, followed by the pH 
and soluble P in the solution. The same isolates, in the absence of inoculation, were tested in Leonard 
jars with two high- and low-solubility sources using cowpea as a test species. Forty-four days after 
planting aboveground dry mass, the phosphorus content and total aboveground phosphorus and 
substratum phosphorus contents were evaluated. The growth media affected phosphorus solubilization 
by the bacteria. Evaluation of liquid media was the most reliable method for analyzing bicalcic 
phosphorus solubilization by the bacteria not linked to pH reduction. Isolates UAGC 17, 19 and 65 
should be better studied because they were the best solubilizers in culture media; however, they did 
not demonstrate the same efficiency when inoculated on cowpea. 
 
Key words: Solubilization, phosphate, P-solubilizing-microorganisms. 

 
 
INTRODUCTION 
 
Highly intemperized soils dominate the tropical region 
and are usually characterized by low  nutrient  availability, 

especially phosphorus. This is particularly important due 
to the complex dynamics of P in soils because Phosphate  
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Table 1. Solubilization Index (SI), means ± 95% confidence interval, at 3 and 17 days after inoculation of 20 phosphate solubilizing 
bacteria in solid NBRIP and VERMA growth media. 
 

Isolate 

Rock phosphate Bicalcium phosphate 

NBRIP VERMA Meio NBRIP Meio VERMA 

3 days 17 days 3 days 17 days 3 days 17 days 3 days 17 days 

UAGC5 0.37±0.37 1.00±0.00 0.00±0.00 0.67±0.33 1.11±0.01 1.03±0.01 1.08±0.04 1.10±0.02 

UAGC7 1.25±0.06 1.10±0.10 1.24±0.01 1.73±0.41 1.18±0.08 1.36±0.15 1.28±0.06 1.17±0.04 

UAGC8 1.22±0.02 2.22±0.96 0.38±0.38 1.06±0.06 1.18±0.06 1.42±0.07 1.16±0.03 1.21±0.07 

UAGC9 1.18±0.02 1.00±0.00 1.18±0.01 1.00±0.00 1.21±0.03 1.53±0.11 1.00±0.00 1.00±0.00 

UAGC15 1.73±0.44 1.95±0.18 1.76±0.48 2.37±0.56 1.35±0.07 2.07±0.22 1.52±0.08 2.61±0.11 

UAGC16 1.15±0.02 1.39±0.07 0.00±0.00 0.00±0.00 1.17±0.04 1.21±0.13 0.00±0.00 0.00±0.00 

UAGC17 1.81±0.42 2.96±0.72 1.83±0.18 2.44±0.44 1.49±0.15 3.02±0.54 1.49±0.14 2.06±0.17 

UAGC18 1.24±0.11 1.77±0.08 0.70±0.36 1.55±0.07 1.57±0.07 2.66±0.19 1.18±0.03 2.19±0.10 

UAGC19 2.34±0.05 4.06±0.06 1.75±0.14 2.76±0.29 1.43±0.12 3.01±0.28 1.51±0.17 2.43±0.46 

UAGC23 1.17±0.04 1.25±0.15 0.00±0.00 1.00±0.00 1.15±0.02 1.24±0.03 1.00±0.00 1.08±0.02 

UAGC26 1.23±0.04 1.05±0.05 0.00±0.00 0.00±0.00 1.21±0.04 1.14±0.03 0.00±0.00 1.21±0.10 

UAGC29 0.00±0.00 1.00±0.00 0.00±0.00 1.00±0.00 1.17±0.05 1.04±0.02 0.00±0.00 0.00±0.00 

UAGC46 1.25±0.06 1.53±0.19 1.34±0.08 1.09±0.05 1.36±0.08 1.40±0.05 1.24±0.02 1.28±0.01 

UAGC47 1.16±0.06 1.31±0.05 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

UAGC51 1.46±0.10 1.77±0.06 1.33±0.09 1.53±0.02 1.81±0.28 2.60±0.23 1.17±0.02 1.40±0.18 

UAGC55 1.45±0.10 2.87±0.10 1.11±0.02 1.00±0.00 1.38±0.11 3.25±0.01 1.24±0.06 1.10±0.01 

UAGC57 1.36±0.15 2.52±0.08 1.24±0.08 1.08±0.08 1.61±0.08 3.20±0.22 1.19±0.05 1.00±0.00 

UAGC62 1.15±0.03 1.21±0.05 1.10±0.04 0.00±0.00 1.48±0.01 1.20±0.01 1.14±0.02 1.13±0.03 

UAGC65 1.91±0.03 3.68±0.01 1.47±0.03 2.25±0.07 1.96±0.28 4.51±0.20 1.58±0.13 2.08±0.05 

UAGC70 1.23±0.01 1.19±0.03 0.00±0.00 1.41±0.08 1.14±0.01 1.11±0.02 0.00±0.00 1.42±0.03 

 
 
 

readily forms a large number of compounds with Ca, Fe 
and Al, some of which are highly stable and, thus, 
essentially unavailable to plants (Yang et al., 2014). 

It has long been known that some plants, bacteria and 
fungi may solubilize some phosphate forms that are 
usually unavailable to plants and, thus, achieve 
competitive gains (Krishnaraj and Dahale, 2014). It has 
been generally accepted that most calcium phosphate 
solubilization is due to H

+
 released by the microorganism 

and the concomitant pH reduction (Dorozhkin, 2002). 
Other possible mechanisms have been offered, such as 
organic acid and exopolysaccharide production (Yi et al., 
2008; Sindhu et al., 2014), with strong effects being 
ascribed to media composition (Nautiyal, 1999; Mehta 
and Nautiyal, 2001; Bashan et al., 2013). 

These bacteria may be employed in agriculture through 
native population management or inoculation of selected 
strains with higher solubilization potential in a similar 
manner to that employed for other plant-growth-
promoting bacteria (Araújo et al., 2012). One of the major 
aspects of this selection is the use of in vitro testing of the 
prospective strains to allow for screening of a larger 
number of strains than would be possible if in vivo 
experiments were the only option to conduct the 
selection. 

Traditionally, this screening is conducted in solid media 

using a semi-quantitative evaluation of the ratio between 
a clear halo that is formed due to phosphate solubilization 
and the colony diameter (Chen et al., 2006). However, 
many isolates that did not produce any visible halo on 
solid media could solubilize various types of insoluble 
inorganic phosphates in liquid medium (Gupta et al., 
1994; Mehta and Nautiyal, 2001; Salcedo et al., 2014). 

This paper proposes to compare results from solid and 
liquid media in vitro solubilization assays with the strain 
effects on the available phosphorus under in vivo 
conditions. Thus, it will be possible to select an in vitro 
method that is more suitable as the initial selection steps 
of a program designed to select strains with the potential 
for soil inoculation. 
 
 
MATERIALS AND METHODS 
 

A collection of 20 endophytic bacterial isolates that were previously 
identified as inorganic phosphate solubilizers (Lira-Cadete et al., 
2012) (some of which were already identified at the genus or 
species level) were isolated from sugarcane leaves and roots 
(Table 1) (Silva, 2011). The isolate UAGC 5 is Pantoea stewartii; 
UAGC 7, UAGC 8, UAGC 9. UAGC 16, UAGC 26, UAGC 46 and 
UAGC 62 are Pantoea sp.; UAGC 17 and UAGC 19 are 
Klebsiella/Enterobacter; UAGC 70 is Enterobacter sp.; UAGC 15, 
UAGC 23, UAGC 29, UAGC 47, UAGC 51, UAGC 55, UAGC 57 
and UAGC 65 are strains not identified at least at the genus level. 
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This paper is based on several sequential steps: initial evaluation 
of solid media composed of rock, tricalcium and bicalcium 
phosphates; semi-quantitative phosphorus solubilization on solid 
media; quantitative evaluation of phosphorus solubilization on liquid 
media; and in vivo phosphorus solubilization with cowpea in 
Leonard jars and with cowpea and sorghum in plastic bags. 
 
 
Solid media composition evaluation 
 
Verma (Verma et al., 2001) and NBRIP (Nautiyal, 1999) solid media 
were evaluated as the standard preparations and modified to use 
Irecê Apatite phosphate rock as a phosphorus source based on the 
26.05 dag P2O5/g total P content. The media were inoculated with 
72-h-old bacterial broth using the “drop plate” method (Alikhani et 
al., 2006) and kept at 28°C until bacterial colonies were visible, but 
no visible halo was formed by any of the isolates. 

Due to the lack of visible solubilization, a new experiment was 
conducted using TSA, VERMA and NBRIP media, all using 
bicalcium phosphate as the phosphorus source and the same 
procedure as above. The colony diameter and visible halos were 
evaluated 3 and 17 days after inoculation to calculate the 
solubilization index (SI) according to Nautiyal (1999). Descriptive 
statistical analysis as well as ANOVA and Tukey tests, which 
considered a factorial 2 x 20 (media x isolates) arrangement, were 
performed, with three replicates, because no solubilization occurred 
on the TSA medium. The experiment was repeated once, and the 
data were transformed according to the SAS Guided Data Analysis 
Procedure (SAS Institute Inc, 1999). 
 
 
Phosphate solubilization in liquid media 
 
Seven isolates, including the three isolates with the highest SI 
values (UAGC 17, 19 and 65); three isolates with low solubilization 
capability and SI values ranging from 1.1 to 1.5 (UAGC 5, 16 and 
26); an isolate considered a non-solubilizer (UAGC 47, which only 
formed a halo on NBRIP media); and the Pseudomonas 
fluorescens (R-243) strain from the Embrapa Agrobiologia collection 
were selected from the previous experiments. All isolates were 
grown in TS liquid media at 120 rpm for 72 h. 

NBRIP and VERMA liquid media were prepared as per the 
preceding experiments, and 30 mL were distributed into 50-mL 
glass flasks for sterilization. Each flask received 300 µL of bacterial 
broth (5 x 108 cfu mL-1) and was incubated at 120 rpm at 28 °C. 
After 2, 4, 6, 8, 12 and 17 days of growth, three flasks with each 
isolate and media combination were harvested, and 10 mL was 
collected from each flask. The bacterial cells were separated from 
the media using a syringe filter membrane with 0.22-µm pores 
(model 99722 Techno Plast Products AG), and the filtrate was used 
for pH and soluble P determinations using the water-soluble P 
method (Embrapa, 1999). Uninoculated treatments were used as 
blanks for all date and media combinations. Data were analyzed 
according to an 8 x 2 x 6 (isolates x media x date) factorial 
arrangement, with three replicates. When the time effects were 
significant, they were further studied using regression analysis. 
 
 
In vivo solubilization efficiency test in Leonard jars 
 
The same treatments and an uninoculated control treatment were 
tested in a greenhouse using Leonard jars and medium texture 
vermiculite, with cowpea (Vigna unguiculata) as the test plant and 
fertilized with Hoagland solution without P (Hoagland and Arnon, 
1950). 

Phosphorus was supplied according to the recommended rate for 
the species (IPA, 2008),  and  potassium  or  bicalcium  phosphates  

 
 
 
 
(500 kg ha-1) were used as the soluble or non-soluble P sources, 
respectively. The P source was weighed and mixed in each 
Leonard jar.  

Cowpea IPA-206 cultivar seeds were disinfected, immersed in 
distilled, autoclaved water for 24 h and to germinate in autoclaved 
sand for two days. The bacterial cultures were allowed to multiply in 
TS media at 120 rpm and achieved a final population estimated as 
5 x 108 cfu mL-1. Inoculation was performed by immersing the root 
into the bacterial broth before transplantation and reinforced by 
inoculation of 1 mL of the same broth around the seedling. 

The plants were harvested 44 days after transplantation for shoot 
dry mass (SDM), P content (SPC), through nitropercloric digestion 
followed by vanadium yellow colorimetric determination according 
to Embrapa (1999) and total P determinations (STP). The substrate 
P content (SP) was determined using the water-soluble method 
(Embrapa, 1999). 

Statistical analysis was conducted as a completely randomized, 2 
x 9 (P source x inoculation treatment) design with three replicates. 
 
 

In vivo solubilization efficiency test in plastic bags 
 
Two separate experiments were conducted using cowpea and 
sorghum (Sorghum bicolor) with the same inoculation treatments 
and three phosphorus sources (bicalcium and potassium 
phosphates and Irecê Apatite ground rock phosphate). 

These experiments was conducted using black plastic bags with 
an autoclaved, medium-texture vermiculite and sand (1:1) mixture 
and received Hoagland –P solution, as in the previous experiment. 
Rates of P were again determined using the same criteria, and 
added per bag. The seeds were directly transferred to the bags. 
Bacterial broth preparations were performed as in the previous 
experiment, but inoculation was performed by the addition of 2 mL 
of the bacterial broth on the seedling crown. The plants were 
harvested 60 days after seeding, and the same determinations 
were conducted as in the previous experiment. Statistical analysis 
was performed separately for each species as a randomized block 
design with a 3 x 9 (P source x inoculation treatment) design with 
three replicates.  
 
 

RESULTS 
 

Bicalcium phosphate solubilization in solid culture 
media 
 
All isolates formed colonies in all culture media, but no 
apparent phosphate solubilization was found for rock or 
tricalcium phosphates. Most isolates had similar growth 
patterns in the same media in both experiments (Table 
1), and NBRIP media allowed for larger SIs than VERMA 
for both experiments and evaluation dates. Isolates 
UAGC 17, 19 and 65 were among the strongest 
solubilizers in both experiments and for both media, while 
UAGC 47 did not present SI, except for NBRIP media in 
the first experiment. UAGC 5, 16 and 26 demonstrated 
low solubilization potential, leading to the formation of 
three solubilization potential groups for the liquid media 
experiments. 
 
 

Liquid media phosphate solubilization 
 

Isolates UAGC 17 and 19  achieved  higher  solubilization 
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Figure 1. Soluble P contents on NBRIP and VERMA liquid media after inoculation with eight phosphate solubilizing 
bacteria. Each point is the average of three replicates subtracted the average soluble P content of the uninoculated 
media. d=days after inoculation. 

 
 
 

on NBRIP than the standard strain, and both of these and 
UAGC 26 showed constant solubilization over time, with 
measurable  P levels  on  the  second  day  and  stable  P 

levels up to the 17
th
 day after inoculation (Figure 1). This 

confirmed their higher-than-average solubilization on 
solid  media.  In  VERMA  media,  UAGC  19   maintained  
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stable P levels, while UAGC 17 showed declining soluble 
P levels over time. 

While isolate UAGC 19 had constantly higher soluble P 
levels, isolates UAGC 16, 17 and 65 were stronger 
solubilizers than the recommended strain, but with 
different solubilization patterns; the highest soluble P 
levels were achieved at 13, 4 and 8 days after inoculation, 
respectively.  

The remaining isolates solubilized lower amounts of P 
than the control strain, and showed different curves. 
While isolates UAGC 5 and 47 were initially poor 
solubilizers in VERMA media, they increased their 
solubilization over time and surpassed some isolates with 
stronger initial solubilization by the end of the experiment. 
VERMA media only allowed higher soluble P levels for 
UAGC 5 at the latter half of the experiment, which agreed 
with the solid media results.  

Inoculation strongly reduced the pH two days after 
inoculation, and each isolate had similar patterns, 
although different intensities, for both culture media 
(Figure 2). Isolates UAGC 17, 19 and 65 and the control 
strain were the strongest acidifiers two days after 
inoculation, and the pH continued to fall later in the 
experiment for both media. These findings were in partial 
agreement with the soluble P levels, which indicated that 
the acidification of the initial media might be the initial 
step in P solubilization, and this possibility was 
strengthened by the coincidence of the lowest pH levels 
and highest soluble P levels at 11 days after inoculation 
found for isolates UAGC 16 and 47. 
 
 
In vivo solubilization efficiency test in Leonard jars 
 
No inoculation effects were observed in the Leonard jars 
with cowpea because P sources only significantly 
affected the SDM and STP (P≤0.05), and no significant 
(P>0.05) effects were found for SP or SPC (Table 2). The 
highest SDM and STP were observed for potassium 
phosphate, most likely due to its higher solubility. 
 
 
In vivo solubilization efficiency test in plastic bags 
 
The shoot dry mass for cowpea and sorghum was only 
affected by inoculation when the P source was rock 
phosphate. This indicates that even the relatively low 
solubility of bicalcium phosphate supplied enough P to 
these species (Table 3). 

Isolates UAG 19 and 65 and the Pseudomonas 
reference strain were the highest SDM performers for 
cowpea, but those UAG isolates and UAG 47 did not 
differ (P>0.05) from the reference strain for sorghum 
(Table 4). This difference in the response to UAG 47 may 
be due to some effect of the plant species on 
solubilization or different P requirements for both species. 
Importantly, the  SDM  of  plants  receiving  these  strains  

 
 
 
 
and rock phosphate did not significantly differ (P>0.05) 
from those with higher solubility P sources. 

As for SDM media, the isolates did not significantly 
(P>0.05) change the cowpea SPC, except for those 
receiving rock phosphate, and, again, the highest results 
were found for strains UAG 19 (although not different 
from the remaining strains), 47 and 65 and the control 
strain (Table 3). On the other hand, no significant effects 
of inoculation on sorghum SPC (Table 4), in which only 
the P source was significant, were observed, and, again, 
rock phosphate presented the lowest results (Table 4). 

While most isolates enhanced cowpea SP over the 
corresponding non-inoculated treatments, only UAG 19 
showed significant effects (P≤0.05) for all P sources. 
When supplied with bicalcium phosphate, none of the 
UAG isolates, except for UAG 17, showed significant 
differences (P>0.05) from the standard Pseudomonas 
strain (Table 5). Sorghum STP was significantly affected 
(P<0.05) by inoculation only when rock phosphate was 
used as a source, and UAG 47 presented the highest 
results.  

Substrate-soluble P contents did not demonstrate a 
clear pattern for inoculation or P source, except for the 
generally lower values for rock phosphate (Table 5). 
 
 
DISCUSSION 
 
Nautiyal (1999) ascribed the higher solubilization found 
for solid and liquid NBRIP media, which was also found in 
this study, as most likely due to the use of MgCl2 and 
MgSO4 as Mg sources and/or (NH4)2SO4 as the nitrogen 
source. These effects may also correspond to the strong 
effects found for different nitrogen sources when the 
solubilization potentials of defined media were compared, 
perhaps due to their effect on organic acid production 
(Dave and Patel, 2003; Sharan et al., 2008; Pallavi and 
Gupta 2013) or the liberation of H

+
 when NH4

+
 is 

absorbed by the bacteria (Ahuja et al., 2007). Either of 
these mechanisms could explain the stronger acidification 
that was found for NBRIP than for VERMA liquid media 
(Figure 2), in which the pH difference between the media 
fell from approximately 0.2 to more than 1 for some of the 
bacterial strains. However, our data do not indicate which 
of these is most likely the main factor. Media composition 
was consistently found to only affect strains on the lower 
range of the solubilization potential. The differences 
found for a few isolates between the experiments in the 
same media are most likely due to the semi-quantitative 
nature of the method, in which the indication of 
solubilization depends on the formation of a visible halo 
that is larger than the bacterial colony, even though it is 
possible to differentiate a clear zone directly below the 
bacterial colony through the underside of the Petri dish. 
These strains were not considered solubilizers using this 
test, although they presented some solubilization in the 
liquid media experiments. In addition to the  change  from 
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Figure 2. pH evolution on NBRIP (N) and Verma (V) media over 17 days of incubation with phosphate solubilizing 
bacteria. Each point is the average of three replicates subtracted the average pH reduction of the uninoculated 
media. d=days after inoculation. 

 
 
 

non-solubilizer to solubilizer that was found for some 
strains, others, such as UAGCs 16 and 47 were stronger 
solubilizers on liquid than on solid media, confirming that 
liquid  media  evaluation   should   be   a   more  sensitive 

experimental protocol for evaluating phosphate 
solubilization. The sensitivity difference is most likely due 
to a combination of the quantitative, rather than semi-
quantitative  determination,  with  the   stronger   diffusion  
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Table 2. Substrate P content (SP); shoot dry mass (SDM), P content (SPC) and shoot total P (STP) of cowpea 
plants in Leonard jars under greenhouse conditions and two P sources, inoculated or not with phosphate-
solubilizing bacteria. 
 

P source SP (g kg
-1

) SDM (g plant
-1

) SPC (g kg
-1

) STP (mg plant
-1

) 

Bicalcium phosphate 1.10a 1.743b 0.121a 20.9b 

Potassium phosphate 1.09a 2.521a 0.131a 33.0a 

CV (%) 26 23 10 11 
 

Averages followed by the same letter did not differ significantly by the Tukey test. SPC and STP transformed by 
Log10. 

 
 
 

Table 3. Cowpea shoot dry mass (SDM) and P content and sorghum SDM after P solubilizer treatments with P sources of 
different availabilities. 
 

Inoculation 
P source 

Bicalcium phosphate Potassium phosphate Rock phosphate 

SDM Cowpea (g planta
-1

) 

Uninoculated 11.7
aA

 13.1
aA

 2.4
bB

 

UAG 5 13.4
aA

 12.4
aA

 2.8
bB

 

UAG 16 13.5
aA

 14.8
aA

 2.9
bB

 

UAG 17 12.7
aA

 12.7
aA

 2.9
bB

 

UAG 19 13.9
aA

 14.5
aA

 12.4
aA

 

UAG 26 14.1
aA

 12.8
aA

 2.9
bB

 

UAG 47 12.7
aA

 13.2
aA

 2.0
bB

 

UAG 65 12.6
aA

 12.6
aA

 14.6
aA

 

Pseudomonas 13.1
aA

 13.8
aA

 12.2
aA

 

CV % 12 

 

Cowpea Shoot P Content (g.kg
-1

) 

Uninoculated 2.84
aA

 2.46
abA

 0.91
aA

 

UAG 5 3.56
aA

 5.5
aA

 1.11
aA

 

UAG 16 4.10
aA

 3.69
abA

 1.83
aA

 

UAG 17 2.40
aA

 1.31
bA

 1.18
aA

 

UAG 19 5.52
aA

 2.84
abA

 3.18
aA

 

UAG 26 3.70
aA

 2.74
abA

 1.30
aA

 

UAG 47 3.95
aA

 4.69
abA

 1.53
aA

 

UAG 65 3.53
aA

 3.08
abA

 2.10
aA

 

Pseudomonas 3.66
aA

 3.01
abA

 0.92
aA

 

CV (%) 36 

 

SDM Sorghum (g.plant
-1

) 

Uninoculated 28.0
aA

 27.2
aA

 7.8
bB

 

UAG 5 25.9
aA

 25.9
aA

 6.4
bB

 

UAG 16 28.1
aA

 27.2
aA

 6.7
bB

 

UAG 17 26.1
aA

 26.8
aA

 6.3
bB

 

UAG 19 28.9
aA

 26.7
aA

 13.5
abB

 

UAG 26 30.0
aA

 27.1
aA

 7.4
bB

 

UAG 47 30.6
aA

 29.0
aA

 26.2
aA

 

UAG 65 26.5
aA

 27.1
aA

 28.4
aA

 

Pseudomonas 25.1
aA

 28.4
aA

 25.1
aA

 

CV % 21 
 

Averages followed by the same lower case letter in the column at the 5% significance level according to Tukey´s test. 
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Table 4. Shoot P content in sorghum grown in a greenhouse, 
inoculated or not with eight phosphate solubilizers, as affected by 
P source. 
 

P source Shoot P content (g kg
-1

) 

Bicalcium phosphate 2.80
a
 

Potassium phosphate 2.96
a
 

Rock phosphate 1.64
b
 

CV % 22 
 

Averages followed by the same letter do not differ (P>0.05) from each 
other according to Tukey´s test. Data transformed by √x. 

 
 
 

Table 5. Cowpea and sorghum total shoot P (STP) and soluble substrate P content (SP) as affected by phosphorus 
solubilizer inoculation and P sources. 
 

Inoculation 
Phosphorus source 

Calcium phosphate Potassium phosphate Rock phosphate 

Cowpea STP (mg.plant
-1

) 

Uninoculated 3.31
bcA

 3.21
b
c

dA
 0.21

bB
 

UAG 5 4.88
abA

 6.92
aA

 0.32
bB

 

UAG 16 5.53
abA

 5.35
abA

 0.53
bB

 

UAG 17 0.65
cA

 0.35
dB

 0.34
bB

 

UAG 19 7.38
aA

 4.00
abcB

 3.93
aB

 

UAG 26 5.19
abA

 0.76
cdB

 0.38
bB

 

UAG 47 4.87
abA

 6.18
aA

 0.30
bB

 

UAG 65 4.23
abA

 0.75c
dB

 3.07
abA

 

Pseudomonas 4.76
abA

 4.14
abA

 1.13
abB

 

CV (%) 34 
  

Sorghum STP (mg.plant
-1

) 

Uninoculated 7.11
aA

 5.80
aA

 0.27
abA

 

UAG 5 9.23
aA

 6.56
aA

 0.49
abA

 

UAG 16 9.51
aA

 9.20
aA

 1.20
abA

 

UAG 17 5.83
aAB

 9.69
aA

 0.56
abB

 

UAG 19 9.30
aA

 7.45
aA

 3.66
abA

 

UAG 26 7.22
aA

 7.26
aA

 0.12
bA

 

UAG 47 6.42
aA

 8.13
aA

 9.72
aA

 

UAG 65 6.96
aA

 7.89
aA

 7.71
abA

 

Pseudomonas 5.59
aA

 9.97
aA

 6.51
abA

 

CV (%) 20 
  

Cowpea SP (g kg
-1

) 

Uninoculated 0.57
abA

 0.66
aA

 0.44
abA

 

UAG 5 0.29
bA

 0.33
abA

 0.47
abA

 

UAG 16 1.20
aA

 0.15
abB

 0.47
abAB

 

UAG 17 0.12
bA

 0.06
bA

 0.17
bA

 

UAG 19 0.33
bB

 0.26
abB

 1.07
aA

 

UAG 26 0.18
bA

 0.29
abA

 0.56
abA

 

UAG 47 0.15
bA

 0.60
aA

 0.44
abA

 

UAG 65 0.51
abA

 0.37
abA

 0.37
bA

 

Pseudomonas 0.51
abA

 0.21
abA

 0.63
abA

 

CV % 21 
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Table 5. Contd. 
 

Sorghum SP (g kg
-1

)    

Uninoculated 0.45
aA

 0.16
bcA

 0.25
aA

 

UAG 5 0.25
aA

 0.73
abA

 0.74
aA

 

UAG 16 0.31
aA

 0.84
aA

 0.38
aA

 

UAG 17 0.70
aA

 0.16
bcA

 0.25
aA

 

UAG 19 0.40
aA

 0.18
abcA

 0.28
aA

 

UAG 26 0.47
aA

 0.23
abcA

 0.35
aA

 

UAG 47 0.27
aA

 0.11
cA

 0.18
aA

 

UAG 65 0.23
aA

 0.38
abcA

 0.12
aA

 

Pseudomonas 0.25
aA

 0.38
abcA

 0.36
aA

 

CV (%) 25 
 

Averages followed by the same lower case letter in the column and uppercase letter in the line did not significantly differ at the 5% 
significance level according to Tukey´s test. Sorghum STP was transformed by √x. 

 
 
 
potential of organic or inorganic acids on liquid than on 
solid media. This agrees with some previous works using 
liquid media to evaluate solubilization (Nautiyal, 1999; 
Alikhani et al., 2006; Traoré et al., 2013). 

Another advantage of the liquid media assay is the 
simpler separation of possible solubilization mechanisms, 
as observed for the different temporal patterns of 
acidification and solubilization that was found for isolates 
UAGC 16 and 47 in which UAGC 16 acidification and 
solubilization were closely linked, both in time and curve 
shape. Furthermore, the UAGC 47 curves present a 
clearer solubilization peak, particularly in NBRIP media, 
but continue to increase in VERMA media up to the end 
of the experiment. The later reduction is most likely due 
to higher P use by the growing bacterial population or to 
P precipitation, as suggested by Welch et al. (2002); 
however, our data are insufficient to discern between 
these possibilities. These different patterns confirm 
earlier literature (Silva Filho and Vidor, 2000, 2001; Khan 
et al., 2014) that suggested that, although media 
acidification most likely plays a major role in phosphate 
solubilization, it most likely is not the only acting 
mechanism, at least for these particular strains. The role 
of other mechanisms in phosphate solubilization is also 
implied by the similar pH levels that were found for UAGC 
5 and the major solubilizers, although its soluble P levels 
were much lower (Figure 2). 

Another point is that while some strains maintained a 
nearly constant soluble P level, such as UAGC 19, 
others, such as UAGC 17, presented strong declines in 
soluble P over time, which may have implications on their 
efficiency for agricultural use. Some authors (Alikhani et 
al., 2006; Narsian et al., 2010; Pereira and Castro, 2014) 
indicate that constant solubilization should be a sought-
after characteristic of strains indicated for agriculture use 
as solubilizers.  

A further point that should be emphasized based on the 
liquid media experiment is the consistent solubilization  of  

bicalcium phosphate, even in the absence of bacterial 
solubilizer inoculation, which may be of importance under 
some experimental conditions and should not be 
disregarded when using this P source for solubilization 
studies. This is particularly when the test culture has 
relatively low P requirements, such as cowpea. This 
inherent solubilization is most likely one of the major 
reasons for the inability of the Leonard jars experiment to 
separate the strains and for the absence of the effect of 
inoculation on the plastic bags that were supplied with 
bicalcium phosphate, while it was found for rock 
phosphate (Tables 4 and 5) under the same experimental 
conditions. 

The difference found between the total shoot P and P 
content responses for sorghum (Table 5) may be due to 
some other plant-growth effects because the genera of 
some of these bacteria are known to include plant 
growth-promoting rhizobacteria (PGPR) strains, such as 
Enterobacter and Pantoea (Moreira et al., 2010; Shahid 
et al., 2012; Chen et al., 2014). This reiterates the need 
for in vivo experiments to evaluate strains before their 
recommendation as solubilizers (Fernandez et al. 2007; 
Anzuay et al., 2015) 
 
 
Conclusion 
 
In vitro liquid media evaluation should be used more 
often as the default method for phosphate solubilization 
analysis. However, more studies on the effect of media 
composition on phosphate solubilization and on the major 
pathways through which this solubilization occurs are 
needed. 

The phosphate source for in vitro and in vivo 
experiments must be strongly considered before strain 
recommendation for inoculant production because even 
low solubility sources, such as bicalcium phosphate, may 
supply enough P for crops with relatively  low  P  demand 
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to not be affected by strains that substantially increase P 
solubility in culture media. 
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In vitro regeneration of sweet orange (Citrus sinensis (L.) Osbeck Family: Rutaceae) has been 
performed via direct and indirect organogenesis. For indirect organogenesis, callus was induced and 
proliferated from leaf explants derived from in vitro grown seedlings on Murashige and Skoog (MS) 
media containing 2,4-dichlorophenoxyacetic acid (2,4-D) alone or in combination with benzyl adenine 
(BA) and α-naphthalene acetic acid (NAA). For direct organogenesis, explants were placed on MS media 
containing BA alone or in combination of NAA and gibberellic acid (GA3). Well-developed microshoots 
were treated with different concentrations of NAA for rhizogenesis (a two-step procedure). Different 
responses to these treatments were recorded depending upon the procedure used. It appears that 4.53 
μM 2,4-D in combination with 5.37 μM NAA induced 93.33% callus and proliferate 86.67% of callus into 
6.93 shoots per explant. Exogenous addition of 4.44 μM BA in combination with 1.54 μM GA3 enhanced 
shoot multiplication rate significantly (17.73±1.69 shoots/explant) in comparison to control (0.00±0.00 
shoots/explant). Microshoots were rooted best (75.00±14.43%) under the treatment 100μM NAA for 48 
hrs. and rooted plantlets were transferred to soil, following acclimatization were taken to maturity in the 
polyhouse. 
 
Key words: Malta, Himalaya, benzyl adenine (BA), callus. 

 
 
INTRODUCTION 
 
Citrus fruits are one of the most important commercial 
fruit crops of the world, cultivated in more than 100 
countries (Barlass and Skene, 1999). Citrus (> 108 million 

tons), ranks second among the most produced fruit crops 
of the world after banana (FAO, 2006). According to UN 
2007 data, India is the largest producer of lemons  
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and limes in the world and ranks sixth in the production of 
Citrus fruits. 

Citrus sinensis is a member of family Rutaceae and 
commonly known as navel orange, sweet orange and 
„Malta‟ in Uttarakhand, India (Christman, 2003). C. 
sinensis is a small evergreen tree having 7.5 m height 
and sometimes reached up to 15 m. Many biologically 
active, non-nutrient compounds found in Citrus fruits such 
as antioxidants (Tripoli et al., 2007), soluble and insoluble 
dietary fibres (Ejaz et al., 2006) known to be helpful in 
reducing the risk for cancers (Elangovan et al., 1994); 
many chronic diseases like arthritis; obesity (Walton et 
al., 1945) and coronary heart disease (Crowell, 1999). A 
single orange is said to have about 170 phytonutrients 
and over 60 flavonoids with anti-tumor, anti-inflammatory, 
blood clot inhibiting and antioxidant properties (Etebu and 
Nwauzoma, 2014). Due to high „vitamin C‟ content and 
antioxidant potential of C. sinensis, it is consumed 
worldwide, therefore, considered as one of the major 
commercial fruit crops of the world (Kiong et al., 2008).  

However, the cultivation of C. sinensis is difficult due to 
slow growth, short storage life (Mukhtar et al., 2005) and 
susceptibility to a large number of disease viz. Pierce‟s 
disease (Redak et al., 2004); Citrus chlorosis (Rossetti et 
al., 1977); Citrus greening (Bove, 2006); Citrus canker 
(Rossetti, 1977); Ring spot (Fawcett, 1933); Sweet 
orange scab (Kunta et al., 2013); Citrus black spot 
(Kotze, 1981); Powdery mildew (Sastra-Hidayat, 1992). 
Further, Citrus stands among difficult to root crops 
(Usman et al., 2005) and their seeds have a very short 
life because they are injured by drying during storage and 
thus, lose their viability (Johnston, 1968; Ali and Mirza, 
2006). 

Citrus species are propagated by both sexual and 
asexual methods; rootstocks are generally propagated 
sexually through seeds, while most of the commercial 
varieties are propagated by asexual means (Chaudhary, 
1994). Micro propagation is an important asexual method 
that can be used for the production of disease-free 
rootstock plants in limited space and time under 
controlled conditions throughout the year (Usman et al., 
2005; Hikada and Omura, 1989; Roistacher et al., 1976). 

Techniques like in vitro culture made it easy to improve 
Citrus against different abiotic stresses, low yield and 
conserve important Citrus genotypes through exploiting 
somaclonal variations, transformation of high yielding 
cultivars (Deng et al., 2000, Koltunow et al., 2002). 
Regeneration of different species of Citrus has already 
been investigated, C. paradisi (Macf) (Costa et al., 2002); 
C. reticulata (Te-Chato and Nudoung, 1998), C. sinensis, 
Pena et al., 1995). Although small work has been done in 
C. sinensis but no work has been reported for Indian 
cultivars.  

The study aimed to develop an in vitro regeneration 
system which can be used for effective propagation of 
selected rootstocks and regeneration of ideal genetically 
modified grafts which can be used to develop commercial  
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variety.  
 
 

MATERIALS AND METHODS 
 

Plant material and explant preparation 
 

Mature fruits of C. sinensis (Malta) were collected from young elite 
plant (Plate 1 a) growing at Bhowali (1687 m asl; 29° 23‟ 5.39‟‟N, 
79° 31‟ 8.48‟‟E), district Nainital, Uttarakhand India. Fruits were 
peeled and the pulp was removed to extract seeds. To remove all 
pulp adhering to the seed surface, seeds were washed with running 
tap water. Seeds were then subjected to floating test as described 
by Pandey and Tamta (2013), healthy and viable seeds were 
selected and then washed with a few drops of tween 20, a 
laboratory detergent, for 1 h; followed by five times rinsing in 
distilled water. Thereafter, seeds were subjected to fungicide 
treatment (bavistin, 1% w/v, 30 min) and shifted to laminar air flow 
bench for further steps. After five rinse with autoclaved distilled 
water, the seeds were dipped in mercuric chloride solution (HgCl2, 
0.1% w/v, 10 min), this treatment was followed by five times rinsing 
in autoclaved distilled water. Disinfected seeds, prior to inoculation, 
were scorched for 10 s to remove sticky cover present in the outer 
surface of the seed and cultured. 
 
 

Culture medium 
 

The nutrient medium consisted of Murashige and Skoog (MS; 
Murashige and Skoog, 1962) basal medium fortified with 3% 
sucrose and vitamins, having pH adjusted to 5.8 with 1 N NaOH 
and solidified with 0.8% agar. All chemicals were procured from 
Himedia, Mumbai, India. The prepared medium was autoclaved (in 
1.05 Kg cm−2, 121°C for 20 min) for sterilization. Cultures were 
maintained inside growth chamber at 25±2°C, 60% relative humidity 
and 16 h photoperiod, provided by cool white fluorescent light, 
under 42 µMm-2 s-1 illumination and subculturing was done every 45 
days. 
 
 

Callus induction and proliferation  
 

For callus induction, leaf explants were excised from 45 days old in 
vitro grown seedlings and small pieces (0.5 cm2) were inoculated 
on MS medium fortified with different concentrations of 2,4-
dichlorophenoxyacetic acid (2,4-D), either alone or in combination 
with BA or NAA (Table 1). Observations were taken visually in 
every five days and influence of different treatments was quantified 
in terms of percent callus induction, percent shoot proliferation. 
 
 

Shoot regeneration 
 

The cotyledonary node explants (1.5 cm) were excised from 45 day 
old seedlings growing in MS medium supplemented with 1 mg/l 6-
benzylaminopurine (BA) (Pandey et al., 2011) and cultured on MS 
medium containing different concentrations of BA (1-15 µM) alone 
or in combination with α-naphthaleneacetic acid (NAA) or gibberellic 
acid (GA3) (Table 2). Explants in MS basal medium served as 
control. The shoot proliferation responses, in terms of number of 
shoots per explant and average length of shoots (cm) per explant, 
were evaluated 45 days after the inoculation in shoot multiplication 
medium.  
 
 

Rhizogenesis 
 

Actively  growing  shoots  (2.5-3 cm. height)  were  used  for  in vitro 
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Table 1. Effect of different plant growth regulators on callus induction and proliferation of C. sinensis.  
  

Treatment (µM) Callusing 
(%) 

Proliferation 
(%) 

Average no. of shoots 

/callus 2,4-D BA NAA 

1   53.33 6.67 0.13 

4.53   80.00 0.00 0.00 

9.06   66.67 0.00 0.00 

1 4.44  66.67 26.67 0.80 

4.53 4.44  86.67 66.67 2.07 

9.06 4.44  73.33 46.67 1.27 

1  5.37 80.00 60.00 3.27 

4.53  5.37 93.33 86.67 6.93 

9.06  5.37 86.67 73.33 3.07 

Control 0.00 0.00 0.00 
 

Fifteen (15) explants were used per treatment and data of callus induction and proliferation was scored after 45 days 
of culture in MS medium supplemented with different concentrations of 2,4-D; BA and NAA, while average number of 
shoots per callus were recorded after 60 days of culture. 

 
 
 

Table 2. Effect of plant growth regulators on shoot multiplication from in vitro derived cotyledonary 
node explants of C. sinensis. 
 

Treatment (µM) Number of shoots/ 
explant 

Average shoot length/ explant 
(cm.) BA NAA GA3 

2.22   2.27±0.44
ab

 1.02±0.10
b
 

4.44   6.53±1.94
c
 1.90±0.35

cd
 

8.88   4.33±0.47
bc

 1.27±0.07
bc

 

2.22 2.68  4.67±0.59
bc

 1.23±0.32
bc

 

4.44 2.68  6.13±0.18
c
 1.23±0.32

bc
 

8.88 2.68  16.47±2.14
e
 1.77±0.15

cd
 

2.22  1.45 10.40±1.22
d
 2.30±0.25

de
 

4.44  1.45 17.73±1.69
e
 2.63±0.09

e
 

8.88  1.45 11.50±0.70
d
 1.97±0.09

d
 

Control   0.00±0.00
a
 0.00±0.00

a
 

 

Values represent mean±SE, values within each column followed by the same letters are not significantly 
different by the Duncan test at 0.05% probability level. Fifteen explants were used per treatment (three 
replicates having five individuals in each) and data scored after 45 days of culture in MS medium 
supplemented with different concentrations of BA, NAA and GA3. 

 
 
 

rhizogenesis. The in vitro rhizogenesis was done by following two-
step rooting procedure described by Pandey et al. (2013); Pandey 
and Tamta (2014) with some modifications. In this rooting 
procedure, microshoots were initially cultured in NAA (50 or 100 
μM) supplemented MS medium for 24 or 48 h and cultures were 
kept in the dark during this step. In the second step, these NAA-
treated microshoots were transferred to plant growth regulator-free 
half strength MS medium and exposed to normal light conditions 
(16 h photoperiod; under 42 µMm-2 s-1 illumination). Microshoots 
placed in MS basal medium (without NAA treatment in first step) 
served as control. Data for rooting percent, average number of 
roots per explant and length of roots per explant were recorded 
after 45 days of transfer to plant growth regulator-free half strength 
MS medium (Table 3). 
 
 
Acclimatization 
 
After successful  rhizogenesis,  the  plantlets  were  taken  out  from 

culture flasks and washed in distilled water to remove the traces of 
rooting media. Rooted plantlets were transferred to thermocol cups 
containing sterile sand: soil: farmyard manure, (1:1:1, v/v/v) and 
covered with transparent polybags and kept in culture room for 45 
days, for first stage of hardening. They were later transferred to 
polythene bags containing a mixture of garden soil, farmyard 
manure and sand (1:1:1) and kept in polyhouse having relative 
humidity (60±4%) for second stage of hardening. After 6 months of 
growth in the polyhouse, the plants were transferred to the field. 
 
 
Statistical analysis 
 
All the experiments were set up in a completely randomized design. 
The data was subjected to analysis of variance (ANOVA) to detect 
significant difference between means. Means differing significantly 
were compared using Duncan‟s multiple range test at p=0.05. All 
the statistical analysis was done by using SPSS Ver 20 (SPSS Inc., 
Chicago, USA) Statistical software package. 
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Table 3. Effect of different concentrations of NAA on in vitro rhizogenesis of C. sinensis. 
 

Treatment Rooting 

(%) 

Number of roots/ 

micro shoot 

Average length 

of roots (cm.) NAA (µM) Time (h) 

50 24 25.00±14.43
a
 1.17±0.17

b
 2.27±0.18

b
 

100 24 41.67±08.33
ab

 1.25±0.25
b
 3.73±0.35

c
 

50 48 41.67±16.67
ab

 1.17±0.17
b
 2.47±0.18

b
 

100 48 75.00±14.43
b
 1.67±0.17

b
 2.83±0.50

bc
 

Control  0.00±0.00
a
 0.00±0.00

a
 0.00±0.00

a
 

 

 

Twelve (12) explants (three replicates having four individuals in each) were cultured on ½ MS medium. Data was 
evaluated after 45 days of culture in plant growth regulators free ½ MS media. Values represent mean±SE, values 
within each column followed by the same letters are not significantly different by the Duncan test at 0.05% probability 
level.  

 
 
 

 
 

Plate 1. Micropropagation of C. sinensis through callus and nodal segments. a. Mature tree with fruits; b. shoot proliferation from 
leaf derived callus in 2,4-D+ NAA (4.53+5.37 µM) supplemented medium (30 days); c. bud proliferation from nodal segments 
derived from in vitro grown seedlings in BA+GA3 (4.44+1.45 µM) supplemented medium (30 days); d. multiplication of shoots after 
60 days of culture in BA+GA3 (4.44+1.45 µM) supplemented medium; e. shoot proliferation from callus 2,4-D+NAA (4.53+5.37 µM) 
supplemented medium (45 days); f. well-developed shoots prior to rooting. Bar showing 1 cm scale. 

 
 
 

RESULTS 
 
Callus induction  
 
To determine the best callus induction and proliferation 
response of leaf explants, derived from 6-week-old in 
vitro grown seedling of C. sinensis, different combinations 
of plant growth regulators were tested (Table 1). The 
optimal callusing response (93.33%) was observed in MS 
medium supplemented with 2,4-D+NAA (4.53+5.37 µM) 
followed by 2,4-D+NAA (9.06+5.37 µM) (86.67%). The 
lowest callus induction response (53.33%) was observed 
in MS  medium  supplemented  with  2,4-D  (1 µM)  (Plate 

1b). MS medium devoid of plant growth regulator (control) 
failed to induce callus.  
 
 
Shoot proliferation and multiplication 
 
For shoot proliferation and multiplication, the indirect and 
direct regeneration methods were performed. For indirect 
regeneration, green friable calli was proliferated and 
highest (86.62%) proliferation was observed in MS 
medium supplemented with 2,4-D+NAA (4.53+5.37 µM), 
the average number of proliferated shoots were also 
recorded  maximum (6.93) for this treatment (Table 1 and  
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Plate 2. Rhizogenesis and acclimatization of plantlets of C. sinensis. a. Microshoot treated with 100µM NAA for 48 h in the first step; 
b. well-rooted plantlet after 45 days of transfer in half strength MS medium; c. well-developed in vitro grown plant of C. sinensis in 
polyhouse condition after (60 days). Bar showing 1 cm scale. 

 
 
 
Plate 1b and e). The minimum (6.67%) proliferation 
response and average number of shoots (0.13) was 
observed in MS medium supplemented with 2,4-D (1 
µM). The control treatment along with 2,4-D (4.53 µM, 
9.06 µM) supplemented media were not able to 
proliferate. 

For direct shoot multiplication, the responses under 
various concentrations and combinations of plant growth 
regulators were observed (Table 2). The number of 
shoots per explant (17.73±1.69) and average shoot 
length (2.63±0.09 cm) were recorded maximum in MS 
medium supplemented with BA+GA3 (4.44+1.45 µM) 
(Plate 1c to d), followed by BA+NAA (8.88+2.68 µM) 
having 16.47±2.14 shoots per explant and 1.77±0.15 cm 
average shoot length, respectively. The lowest number of 
shoots (2.27±0.44) per explant was observed in MS 
medium supplemented with 2.22 µM BA. Explants in 
„control‟ failed to survive for 45 days and died within 25 
days of culture. 
 
 
Rhizogenesis 
 
For in vitro rhizogenesis, the well-developed shoots (2.5-
3 cm long) were cut off and cultured in rooting medium. 
The rooting responses were varied according to the 
treatment they received during first step. Furthermore, 
the treated microshoots showed significantly different 
responses to control (Table 3). 75.00±14.43% 
rhizogenesis with 1.67±0.17 roots per microshoot was 
observed in treated (100 µM NAA for 48 h) microshoots 
(Table 3 and Plate 2b). The average length of roots was 
observed maximum (3.73±0.35 cm.) in microshoots 
treated with 100 µM NAA for 24 h. The lowest 
rhizogenesis (25.00±14.43%), having 1.17±0.17 roots per 

microshoot and 2.27±0.18 cm average root length, was 
recorded in microshoots treated with 50 µM NAA for 24 h. 
MS medium lacking auxin in first rooting step was not 
able to induce roots. 
 
 
Acclimatization 
 
Plantlets with well-developed roots (Plate 2b) were taken 
out carefully, and on acclimatization, plantlets exhibited 
normal growth under polyhouse (Plate 2c); and on 
transfer in soil, 50% survival of plantlets were recorded. 
 
 
DISCUSSION 
 
C. sinensis is among the most consumed fruits 
worldwide; therefore it has great economic importance, 
but like other fruits, Citrus is attacked by several 
pathogens that affect fruit quality (Bekele, 2007). 
Furthermore, it stands among difficult to root crops 
(Usman et al., 2005) which limit its cultivation by 
traditional means. Micropropagation offers rapid 
propagation of such difficult to root crops throughout the 
year under controlled conditions (Honda et al., 2001). 
This eliminates diseases (Grosser and Chandler, 2000) 
and also provides scope for the development of new 
cultivars. Micropropagation has been successfully used 
for the production of microbe free plants at commercial 
level (Parmessur et al., 2002). Further, it made easy to 
conserve important Citrus genotypes, improve Citrus 
against low yield and different abiotic stresses through 
exploiting possibilities in somaclonal variations and 
somatic cell hybridization (Deng et al., 2000; Koltunow et 
al.,  2002).   Indirect   micropropagation   is   essential  for  

 

 

 

 

 

 

 

 



 
 
 
 
Agrobacterium-mediated genetic transformation (Khawale 
and Singh, 2005).Through transformation, disease free 
plants of high yielding cultivars can be produced e.g. 
nematode resistance Citrus rootstock etc. 

MS medium was used as a nutrient source during the 
study, as it was found effective in seed germination of C. 
sinensis and also, successfully used for various citrus 
species e.g. C. sinensis; Carrizo citrange (Pandey et al., 
2011; Germana et al., 2011). Response of explants to 
plant growth regulators was vigorous. The best callus 
induction (93.33%) and proliferation responses (86.67%) 
were observed in MS medium containing 2,4-D and NAA. 
Similarly, callus development in C. sinensis on MS 
medium supplemented with 2,4-D+NAA was reported by 
Das et al. (2000) which supports the present study, while 
in C. reticulata (83.0%), somatic embryogenesis was 
observed on MS medium supplemented with NAA + 
Kinetin (10+1 mgL

-1
) from callus (Gill et al., 1995). 

In Citrus species, BA is reported as the best cytokinin 
for inducing organogenesis (Carimi and Pasquale, 2003; 
Germana et al., 2011), 22 μM BA in Citrus reshni (Moore, 
1986); 2 mgl

-1 
BA in C. limon; C. paradisi (Kotsias and 

Roussos, 2001, Costa et al., 2004), etc. Kobayashi et al. 
(2003) was able to produce 3.1 shoots per explant with a 
response of 54% in C. sinensis on BA+GA3 (1.8+0.7 μM) 
supplemented MS medium. In present study, 
comparatively better shoot multiplication (17.73±1.69 
shoots/explant) responses were observed in MS medium 
supplemented with BA+GA3 (4.44+1.45 μM). It may be 
due to the increased concentrations of growth regulators 
and explant source. Therefore, present study reveals that 
the application of BA is effective in shoot multiplication 
but, BA in combination with GA3 appeared more potent in 
shoot multiplication.  

Many different Citrus species were subjected to 
rhizogenesis under different auxins (NAA or IBA) 
supplemented mediums (Carimi and Pasquale, 2003) 
and NAA was found to be the best rooting auxin for Citrus 
species (Kaneyoshi et al., 1994; Paudyal and Haq, 2000). 
Further, the highest (87%) rooting percentage in C. 
reticulata was also obtained on NAA (2 mgl

-1
) 

supplemented media (Mukhtar et al., 2005). However, 
rooting response of C. sinensis was not satisfactory 
under continuous exposure of NAA and only 3.2%, 
rooting was observed after three months of transfer of 
shoots to rooting medium (Pena et al., 1995). Therefore, 
well-established two-step rooting procedure was adopted 
for in vitro rhizogenesis. Two-step rooting procedure was 
found to be the best for several species viz. Berberis 
chitria (Pandey et al., 2013), Quercus serrata (Pandey 
and Tamta, 2014), Quercus leucotrichophora (Pandey 
and Tamta, 2012) etc. In present study, moderate rooting 
(25 to 75%) responses were observed with 1.17 to 1.67 
average number of roots-per-microshoot. The low rooting 
efficiency has also been reported as major problem for in 
vitro production of Citrus plants (Usman et al., 2005; 
Duran-Vila et al., 1989). The low  survival  of  C.  sinensis  
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plantlets may be due to less root length, that is, 
2.27±0.18 to3.73±0.35 cm.  
 
 
Conclusion 
 
The present study was done to develop an efficient 
micropropagation procedure for Malta (Citrus sinensis) 
through direct and indirect organogenesis. The direct 
organogenesis was achieved best in MS medium fortified 
with BA and GA3 which may be useful for mass 
multiplication of selected elite cultivar. Similarly the best 
responses for indirect organogenesis were recorded in 
explants cultured in MS medium supplemented with 2,4-
D and NAA, which might be useful in genetic 
transformation system and suitable for regeneration of 
new „Malta Varity‟ in future. The NAA containing MS 
medium was able to induce 75.00±14.43% rhizogenesis 
in in vitro derived microshoots, but the further trials are 
required to achieve 100% rooting and better survival of 
these in vitro raised plants in field conditions.  
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Laccase belongs to the family of multicopper oxidase and have wide range of biotechnological 
applications starting from the food industry to bioremediation. However, the use of laccase at 
commercial scale is hindered by factors like high enzyme cost, low activity and /or stability under given 
conditions. This study was carried out with aim of screening for extracellular thermostable laccase 
producing bacteria. Twenty-two (22) laccase positive strains were isolated from the selected 
environmental samples while extracellular laccase activity was detected only in six strains namely TM1, 
TMT1, PK4, PS1, TMS1 and ASP3. The laccase enzyme produced from PK4 was found to be more 
thermostable with a half-life of 60 min at 80°C. The strain PK4 was identified and designated as Bacillus 
sp. PK4. The laccase production was optimized using one- factor-at-a-time method and maximum 
enzyme production were observed at the temperature of 37°C, pH 7.5, 10% inoculum size with yeast 
extract and glucose as the nitrogen and carbon sources, respectively at an agitation rate of 150 rpm. 
Copper sulphate at 0.1 mM concentration was found to maximize the laccase production among the 
tested inducers. Among the trace elements, FeSO4 and ZnSO4 gave the maximum laccase production 
for the isolated strain in comparison with the control. The effect of copper-induced time showed that 
the addition of copper before inoculation effectively increased the laccase production compared to the 
addition of copper after 2, 4, 6 and 8 h of inoculation. The optimization of the media resulted in 11.8 fold 
increase in laccase production. 
 
Key words: Laccase, thermostability, Bacillus sp., optimization. 

 
 
INTRODUCTION 
 
Enzymes have been utilized in several industries for 
many years. Laccase (EC 1.10.3.2) is one of the 
important enzymes in terms of applicability and versatility 
in industries (Dabrimanesh et al., 2015). Laccases are 
the members of multi-copper oxidases and contain 

histidine-rich copper binding domains. They can oxidize 
lignin related compounds and highly recalcitrant 
environmental pollutants. Moreover, unlike many other 
oxidoreductases, laccases do not require cofactors such 
as NAD (P) H and, unlike peroxidases, they do not
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produce toxic peroxide intermediates. These 
characteristics of laccases position them as potential 
industrial oxidative enzymes (Shi et al., 2015). 

Laccases are widely distributed in nature and have 
been described in fungi, plants, and insects and more 
recently in bacteria and archaea, indicating that the 
laccase redox process is ubiquitous in nature. Laccase 
plays an important role in several metabolic steps, 
including those involved in fungal pigmentation, plant 
lignification, lignin biodegradation, humus turnover and 
cuticle sclerotization, wherein naturally occurring low 
molecular weight phenolic compounds and natural fiber 
polymers are utilized as substrates (Jeon et al., 2012). 
The first bacterial laccase was reported in Azospirulum 
lipoferum in the year 1993. Thereafter, laccases have 
been discovered in a number of bacteria including 
Bacillus subtilis, Bordetella compestris, Caulobacter 
crescentus, Escherichia coli, Mycobacterium 
tuberculosis, Pseudomonas syringae, Pseudomonas 
aeruginosa and Yersinia pestis (Dhiman and Shrikot, 
2015).  

Laccases have attracted considerable interest in many 
fields of industry and environmental processes due to 
their broad substrate specificity and ability to oxidize high 
redox potential substrates in the presence of certain low 
molecular weight compounds called mediators 
(Diwaniyan et al., 2012). Application of laccase in 
different industrial fields includes detoxification of 
industrial effluent, mostly from paper and pulp, textiles 
and petrochemical industry, used as a tool for medical 
diagnostics and as a bioremediation agent to clean up 
herbicide, pesticide and certain explosives in soil and as 
cosmetics ingredient (Kalia et al., 2014). 

Keeping in view the importance of laccase in pollution 
degradation and to increase the toolbox of bacterial 
laccase from different subfamily, bioprospecting new 
bacterial strains displaying laccase activity are the need 
of time. Therefore, a study on bacterial laccases is 
important from the perspectives of basic science as well 
as for the development of novel biotechnological 
applications. 

The objective of the present study was to isolate and 
screen for thermostable laccase producing strains from 
the selected samples and to maximize the laccase 
production of the isolated strain by optimizing the media 
components. 
 
 
MATERIALS AND METHODS 

 
Isolation of laccase secreting bacteria 
  
The laccase producing bacteria were isolated in 12 different 
samples, namely, the treated and untreated effluents from textile 
industries of Ganapathypalayam and Muruganpalayam (Tirupur 
District, Tamil Nadu, India) and untreated effluent of two paper 
industries one located at Karamadai (Coimbatore District, Tamil 
Nadu, India) and another at Kothamangalam (Erode District, Tamil 
Nadu, India), soil from textile and paper industry effluent discharged  

 
 
 
 
site, sludge from the textile industry, soil contaminated with 
automobile waste from Pollachi (Coimbatore District, Tamil Nadu, 
India) and composted coir pith. The isolation was based on serial 
dilution technique. In this, 1.0 ml of each of the sample was added 
to a tube containing 9 ml of sterile water (10-1) and mixed vigorously 
for 30 s. Dilution was repeated till 10-7 and 0.1 ml of suspension was 
spread from each dilution tube on nutrient agar with 0.1% guaiacol 
and 0.005% cycloheximide, and incubated at 37°C for three days. 
Cycloheximide was added to inhibit the fungal growth. The colonies 
showing reddish brown color were selected. The positive colonies 
from all the samples were subcultured for three times to get the 
pure colony. The isolated bacterium was streaked on the same 
medium, namely nutrient agar with 0.1% guaiacol to confirm the 
positive activity. 
 
 
Growth characterization and extracellular laccase production 
 
The isolated bacterial strains were grown in Luria-Bertani broth 
supplemented with 1 mM copper sulphate for laccase production 
and growth. The broths were incubated at 37°C with the rotation of 
100 rpm for 24 h. The culture was harvested after 24 h and 
centrifuged at 8000 rpm for 20 min. The supernatant was used as a 
crude enzyme extract for the assay of laccase activity using 2,2-
azino-bis(3-ethylbenzthiazoline-6-sulfonic acid) (ABTS) as 
substrate.  
 
 
Assessment of optimal temperature and thermostability of 
bacterial laccase 
 
The temperature optima and thermo-stability of laccase produced 
by the isolated strain were assessed in acetone-precipitated 
sample. Acetone was added to the crude enzyme extract in the 
ratio of 1:1, vortexed for 1 to 2 min and incubated overnight at -
20°C. The sample was centrifuged at 8000 rpm for 30 min and kept 
at room temperature for 1 - 2 h for the complete removal of the 
acetone. The pellet was dissolved in 100 mM potassium phosphate 
buffer of pH 7.0 

The optimal temperature for the laccase activity was determined 
over the range of 20 to 70°C using ABTS as substrate. The 
thermostability of the laccase produced by the isolated strain was 
studied by incubating the acetone-precipitated samples at three 
different temperatures 50, 60 and 70°C and aliquots were 
withdrawn every 30 min up to 3 h. The sample was slowly cooled 
down to room temperature and residual laccase activity was 
measured. All the experiments were carried out in triplicates. The 
results were expressed either as mean or mean standard deviation. 
 
 

Identification of thermostable laccase producing bacteria 
 
The maximum thermostable laccase producing bacteria was 
identified according to the morphological, physiological and 
biochemical characteristics by following the Bergey’s Manual of 
Systematic Bacteriology and by 16S rDNA phylogenetic method. 
 
 

Optimization of laccase production by one factor at a time 
method 
 

Basal media used for the production of laccase  
 

The basal media used for optimizing the enzyme production had 
following composition in g/L: K2HPO4 - 0.7, KH2PO4 - 1.4, MgSO4 - 
0.01, NaCl - 0.5, tryptone - 0.5, CaCl2 - 0.01 and pH 7.0. The basal 
medium was inoculated with overnight grown culture with OD600 nm 
of 0.5 to 0.7 and incubated at 37°C at 100 rpm for 42 h.  



 
 
 
 
Extraction of extracellular and Intracellular enzyme 
 
The culture medium was centrifuged at 10000 x g for 15 min at 4°C 
after fermentation at different experimental conditions described 
below and the supernatant was used as the crude enzyme extract. 
The cells obtained as pellet were washed twice with 100 mM 
phosphate buffer, pH 7.0. It was preserved in ice and resuspended 
in 0.5 ml of phosphate buffer. The protein extraction was carried out 
by sonication for 5 min at 40% amplitude and 0.7 s / cycle with the 
sonicator. Then it was centrifuged at 13,000 rpm for 20 min at 4°C 
to pull down the cell fragment and the supernatant was taken 
carefully in the cool tube. The supernatant obtained was used as 
the intracellular enzyme. 
 
 

Growth kinetics and laccase production 
 
The growth kinetics and enzyme secretion were followed every 6 h 
for 78 h. The culture was inoculated in basal medium and incubated 
at 37°C with shaking at 100 rpm. The sample was withdrawn every 
6 h, bacterial biomass and both extracellular and intracellular 
laccase activity were measured using 2,6 dimethoxyphenol (DMP) 
as substrate. The growth of bacterial culture was estimated in terms 
of biomass by measuring the optical density at 600 nm 
 
 

Optimization of different physicochemical parameters for 
laccase production 
 
In one factor one time method, laccase production was optimized 
using selected variables such as pH (3 to 10 with the increment of 1 
pH), inoculum size (5, 10, 15 and 20%), temperature (27, 37 and 
47°C), carbon at 1% level (glucose, galactose, fructose, lactose, 
maltose, sucrose, mannose, starch, sodium citrate and sodium 
acetate) and nitrogen sources at 0.5% level (peptone, casein, yeast 
extract, gelatin, urea, ammonium sulphate, ammonium phosphate, 
ammonium nitrate, potassium nitrate, ammonium carbonate and 
sodium nitrate), agitation (100, 150 and 200 rpm), inducers at 
0.1mM concentration (guaiacol, ABTS, 2,5 xylidine, veratryl alcohol, 
catechol and copper sulphate), trace elements (KCl, BaCl2, MnSO4, 
ZnSO4 and FeSO4 - 0.2 g/L) and copper addition time (0 to 8 h). The 
culture was incubated at 37°C for 42 h at 100 rpm except for the 
experiments with different temperature and agitation. The growth 
and laccase activity (using 2,6 DMP as substrate) were determined 
under each set of experimental conditions. All the experiments were 
carried out in triplicates and the results were expressed as mean ± 
standard deviation 
 
 

Laccase assay 
 
The enzyme assay was done using 2 mM ABTS or 2 mM 2,6 DMP 
as substrate. 50 to 100 µl of the sample was added to 10 mM 
phosphate buffer (pH 7) containing the substrate 2,6 DMP or 10 
mM sodium acetate buffer (pH 5) containing ABTS at a 
concentration of 2 mM, and oxidation was measured by the 

increase in the absorbance at 470 nm ( =14800 M-1cm) and 405 

nm ( =35000 M-1 cm-1) respectively. One unit of laccase was 

defined as the amount of the enzyme required to transform 1 mol 
substrate per min under standard assay conditions. 
 
 

RESULTS AND DISCUSSION 
 

Isolation and screening for extracellular laccase 
producing bacteria  
 

A total of 22 laccase producing strains were isolated from 
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the selected 12 different environmental samples. The 
extracellular laccase activity was detected in the six 
strains namely TM1, TMT1, PK4, PS1, TMS1 and ASP3. 
The strain TM1 produced the maximum laccase (0.51 
U/ml) which was followed by PK4 (0.49 U/ml), ASP3 
(0.32 U/ml), TMS1 (0.29 U/ml), TMT1 (0.29 U/ml) and 
PS1 (0.25 U/ml).  
 
 
Effect of temperature on the extracellular laccase 
activity  
 
The temperature optima for the extracellular laccase 
produced by the strains namely TM1, TMT1, PK4, PS1, 
TMS1 and ASP3 was determined over the temperature 
range of 20 to 70°C. The temperature activity profiles of 
the isolated strains are shown in Figure 1. From Figure 1, 
it can be inferred that the optimum temperature for the 
laccase activity of TM1, TMT1, PS1, TMS1 and ASP3 
was 40°C whereas for PK4 it was 50°C. The laccase 
activity of the selected strains was found to increase with 
an increase in temperature up to the optimal temperature 
and further increase of temperature, above the optimal 
temperature reduced the enzyme activity for all the 
selected strains. The temperature optimum for 
extracellular laccase from Bacillus sp. ADR (Telke et al., 
2011) and Pseudomonas putida (Kuddus et al., 2013) 
was stated to be 40°C. Similar to the previously analyzed 
bacterial laccases, the extracellular laccase of the 
isolated strains had an optimum temperature in the range 
of 40 to 50°C. 
 
 

Assessment of thermostability of extracellular 
laccase 
 
One of the key factors determining the suitability of the 
enzyme laccase in industrial applications is its 
thermostability. Hence, the thermostability of the laccase 
produced by the isolated strains was assessed by 
incubating the acetone-precipitated samples at three 
different temperatures, namely 50, 60 and 70°C for 3 h. 
The results are presented in Figure 2a to d. 

For the strain PK4, there was no loss of laccase activity 
at 50°C, 98 and 77% of the activity remained at 60 and 
70°C respectively after 3 h of incubation. TM1 retained 
86, 42 and 6% activity up to 3 h at 50, 60 and 70°C 
respectively. 90, 63 and 12% of the initial laccase activity 
were retained after 3 h of incubation at 50, 60 and 70°C 
respectively for the strain TMT1. The isolated strains 
PS1, TMS1 and ASP3 retained 66, 74 and 82% of initial 
activity respectively at 50°C. These strains lost more than 
50% activity at 60°C at the end of 2 h of incubation 
(Figure 2a, b and c). 

The PK4 laccase was found to retain 77% of the initial 
activity after 3 h of exposure at 70°C. By contrast, the 
strain ASP3 lost 98% activity and the strains PS1 and 
TMS1 lost 100% of initial activity under the same
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Figure 1. Temperature activity profile of laccase from the isolated strains (Values 
are the mean of triplicates). 

 
 
 

 
 

Figure 2. Laccase activity of the isolated strains at different temperatures A) at 50°C, B) at 60°C, C) at 70°C, and D) 
laccase activity of PK4 at 80°C (Values are the mean ± SD of triplicates

). 



 
 
 
 
conditions. Except for PK4 extracellular laccase, the 
laccase activity of all other tested strains was lost after 3 
h incubation at 70°C. Therefore, only PK4 laccase 
thermostability was assessed at 80°C for a period of 3 h 
(Figure 2d) and it was found that PK4 laccase retained 
62% activity after 60 min of incubation at 80°C. Most of 
the thermostable laccases reported are from bacterial 
source whereas fungal enzymes lost their activity at 
temperatures above 60°C (Baldrian, 2006). Ihssen et al. 
(2015) showed that laccase from bacterial origin was 
more heat stable than the commercially available fungal 
laccase from Tinea versicolor.  

According to Hilden et al. (2009) thermostability is the 
ability to resist irreversible inactivation at high 
temperature and to keep the activity at 60°C for a 
prolonged period. Singh et al. (2000) stated that 
thermostable enzymes are generally defined as those 
with an optimum temperature above that of the maximum 
for the growth of an organism or with exceptional stability 
above 50°C over an extended period of time. A 
thermostable laccase from Streptomyces lavendulae 
REN-7 retained its original activity up to 20 min at 70°C 
(Suzuki et al., 2003). Endo et al. (2002) described in their 
study that Streptomyces griseus laccase retained 40% 
activity after 60 min of incubation at 70°C and quoted this 
as thermostable laccase. Lu et al. (2013) affirmed that 
laccase from Streptomyces sp. C1 retained 30% activity 
after 120 min incubation at 70°C and more than 60% at 
50°C and regarded this as moderately thermostable 
laccase. 

The purified laccase from the thermophiles 
Mycelipopthora thermophilia and Scytalidium 
thermophilium did not withstand 1 h period of incubation 
at 80°C (Xu et al., 1996) whereas the laccase from 
Chaetomium thermophilum was stable only for 8 min 
incubation at 80°C (Chefetz et al., 1998). Among the 
tested strains, PK4 laccase was found to retain 62% 
enzyme activity at 80°C after 60 min of incubation. 
Hence, it was selected for identification and further 
studies. 
 
 

Identification of the selected strain 
 
The morphological, physiological and biochemical 
characteristics indicated that the selected strain PK4 
probably belong to the genus Bacillus according to the 
Bergey’s manual of systematic classification (Table 1). 
The 16S rDNA sequence of strain PK4 (GenBank 
Accession No. KF651984) was compared with the 16S 
rDNA sequences present in the rDNA database of NCBI 
using BLAST to further identify the species of the 
organism. The homologous search (data not shown) 
indicated that the strain shared 98% identity with the 
Bacillus safensis and Bacillus pumilus. The neighbor-
joining phylogenetic tree was constructed using the type 
strains of Bacillus sp. and presented in Figure 3a. The 
percentage of replicate trees in which the associated taxa 
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Table 1. Morphological, physiological and biochemical 
characteristics of the strain PK4. 
 

Description Inference 

Morphological characteristics 

Colony colour White 

Pigment Yellow 

Shape Rod 

Gram’s staining + 

Motility + 

  

Physiological characteristics 

Spore formation + 

Sodium chloride Growth at 1 to 5% 

Growth at 4°C
 

- 

Growth at 55°C - 

  

Biochemical tests 

Gelatin liquefaction - 

Voges proskauer's + 

Oxidase test + 

Starch hydrolysis + 

Casein hydrolysis - 

Citrate utilization + 

Indole production - 

Catalase test + 

Urease test - 

Malonate - 

ONPG + 

Nitrate reduction + 

Catalase + 

Arginine + 

  

Carbohydrate fermentation tests 

Sucrose + 

Mannitol + 

Glucose + 

Maltose + 

Raffinose + 

Melibiose + 

Inositol + 

Methyl--D-glucopyranoside + 

Arabinose - 

Trehalose + 

  

Antibiotic sensitivity tests 

Sensitive 

Streptomycin, 
kanamycin, 
erythromycin, 
ampicillin, tetracyclin, 
gentamycin co-
trimoxazole, 
rifampicin,  

Resistant Penicillin, teicoplanin 
 

+ Positive; - Negative. 
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Figure 3a. Neighbor-joining tree showing the phylogenetic position of PK4. 

 
 
 
clustered together in the bootstrap test (500 replicates) is 
shown next to the branches.  

The BLAST search based on 16S rDNA gene 
sequence and phylogenetic tree (neighbor-joining 
method) using type strains revealed that the isolated 
strain PK4 shared high similarity with Bacillus pumilus 
and Bacillus safensis. According to Stackebrandt and 
Goebel (1994), strains belonging to the same genus 
which exhibits less than 97% 16S rRNA gene sequence 
similarity should be considered as members of the 
different species. Bozoglu et al. (2013) reported that 
bacterial isolate from hot springs had exhibited 99% 
resemblance to Brevibacillus according to 16S rRNA 
gene sequence analysis and concluded that 16S rRNA 
gene sequence analysis was inadequate in discriminating 
the closely related species.  

In the present study, the isolate had exhibited 98% 
similarity with the two different species namely B. pumilus 
and B. safensis. Hence, 16S rDNA gene sequence 
analysis and phylogenetic method were not sufficient to 
identify the isolated strain PK4 at the species level. The 
present data should be supported by more advanced 
genomic analysis methods for the identification at the 
strain level. A DNA-DNA hybridization technique needs to 
be performed in order to identify the place of the PK4 in 
the taxonomy at the species level. Hence the isolate PK4 
was identified as Bacillus sp. and named as Bacillus sp. 
PK4 (Figure 3b). 
 
 

Optimization of laccase production by one- factor-at-
a- time method 
 

In     one-factor-at-a-time    method     pH,     temperature, 

 
 

Figure 3b. Bacillus sp. PK4 showing reddish brown 
halo in nutrient broth supplemented with 0.1% 
guaiacol indicating laccase production. 

 
 
 

inoculum size, agitation, carbon and nitrogen source, the 
inorganic salts namely KCl, BaCl2, MnSO4, ZnSO4 and 
FeSO4 and inducers such as ABTS, guaiacol, 2,5, 
xylidine, veratryl alcohol, catechol and copper sulphate 
were optimized. The induction of laccase production by 
copper addition, with respect to time, was also studied. 
Under each set of experimental condition, the growth and 
laccase activity were determined.  
 
 

Growth kinetics and laccase production 
 

The time course of the extracellular and intracellular
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Figure 4. Growth, intracellular and extracellular laccase production of Bacillus sp. (PK4 at different time 
intervals Values are the mean of triplicates). 

 
 
 
laccase activity was determined using DMP as a 
substrate over a period of 78 h. The isolated strain 
reached its highest intracellular activity of 1.81 U/ml at 18 
h and 24 h and highest extracellular activity of 0.13 U/ml 
at 42 h. As depicted in Figure 4, the lag phase of the 
strain was short and the growth then followed the 
exponential or log phase up to 48 h and reached 
stationary phase (Figure 4). It is evident that the strain 
had maximal intracellular activity during the log phase of 
the growth and maximum extracellular activity in the early 
stationary phase. The extracellular enzyme activity was 
found to be higher throughout the stationary phase. 
These results clearly indicated that the isolated strain had 
started producing and secreting the enzyme laccase 
during the log phase of the growth itself.

 
The maximum 

extracellular laccase activity was detected at 72 h for B. 
safensis DSKK5 (Singh et al., 2014) and 96 h for Bacillus 
tequilensis SN4 (Sondhi et al., 2014). However, Telke et 
al. (2011) showed that Bacillus sp. ADR secrets a 
maximum extracellular laccase at the end of 24 h of 
incubation using nutrient broth. 
 
 
Effect of pH 
 
Each microbial species has its own characteristic pH 
range at which it grows and produces the maximum 
enzyme. From Figure 5, it is clear that the optimum pH 
for laccase production and growth of the isolated strain 

was 7.5. No growth was observed at pH 3.0 to 5.0. The 
laccase production and bacterial growth were found to 
increase with an increase in pH up to 7.5 and a gradual 
decrease was observed from pH 7.5 to 10.0. However, 
the enzyme production at pH 7.0 (0.19 U/ml), pH 7.5 
(0.20 U/ml) and pH 8.0 (0.18 U/ml) was quite 
comparable. Figure 5 also depicted that the growth and 
enzyme production by the isolate were higher in the 
alkaline pH when compared to that at acidic pH. The 
ability of the isolate to produce enzymes at alkaline pH 
makes it suitable for bioremediation and various industrial 
applications. It must be noted that the bacterial strain was 
isolated from paper mill effluent, which had the pH in the 
alkaline range (pH 8.6) and probably this might be the 
reason for the ideal growth of the strain at neutral to 
alkaline pH. In line with the results of the present study, 
the optimum pH for laccase production by bacteria 
isolated from different environmental source was reported 
to be in the range of 7 to 8 (Singh et al., 2009; Kaushik 
and Thakur, 2014; Sondhi et al., 2014) 
 
 
Effect of inoculum size 
 
From Figure 6 it could be inferred that laccase production 
increased with increase in inoculum size up to 10% and 
decreased with the further increase in inoculum size of 15 
and 20%. The maximum laccase production (0.38 U/ml) 
was obtained at 10% inoculum size. The bacterial



1820          Afr. J. Biotechnol. 
 
 
 

 
 

Figure 5. Growth and laccase activity of Bacillus sp. PK4 at selected pH (Values are the 
mean ± SD of triplicates). 

 
 
 

 
 

Figure 6. Growth and laccase activity of Bacillus sp. PK4 with selected inoculum 
size (Values are the mean ± SD of triplicates). 

 
 
 

biomass was also increased with increase in inoculum 
volume and the maximum was reached at 15%. Further 
increase in inoculum size drastically reduced the growth. 
One of the important criteria determining the laccase 
production on an industrial scale is inoculum size. A 
higher inoculum volume results in the rapid utilization of 
the substrate and thereby lowering the yield and vice 
versa (Deb et al., 2013). The rapid exhaustion of the 
nutrients might be the reason for decreased bacterial 
growth and enzyme production at higher inoculum size. 
Accumulation of toxic metabolites might also 
subsequently reduce the enzyme production.  

Effect of temperature  
 
The optimum temperature for the growth and laccase 
production was found to be 37°C. The temperature 27 
and 47°C were found to decrease both laccase 
production and bacterial growth. This is at par with the 
reports of a recent study on Bacillus safenesis by Singh 
et al. (2014) who demonstrated that the optimum 
temperature for maximum enzyme production was 37°C 
(Figure 7). Niladevi et al. (2009) had reported in their 
study that the optimum temperature for laccase 
production for Streptomyces psammoticus as 33°C.  
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Figure 7. Growth and laccase activity of Bacillus sp. PK4 at different 
temperatures (Values are the mean ± SD of triplicates). 

 
 
 

 
 

Figure 8. Growth and laccase activity of Bacillus sp. PK4 with selected carbon sources (Ctrl – 
control; Glu – glucose; Gal – galactose; Fru – fructose; Lac – lactose; Mal - maltose; Suc – 
sucrose; Star - starch; Man - mannose; Na-cit – sodium citrate; Na-ace - sodium acetate (Values 
are the mean ± SD of triplicates). 

 
 
 

Effect of carbon sources 
  
The type of carbon source in the medium plays a major 
role in the production of ligninolytic enzymes (Gaulhaup 
et al., 2002)

 
and also the substance that induces the 

laccase production in one species may inhibit the same in 
other species (Elshafei et al., 2012). The carbon source 
of the growth medium appears to regulate the ligninolytic 

enzymes in microbes and the activity of these enzymes 
can be increased by the choice of the carbon source 
(Vaithanomsat et al., 2012). The media without carbon 
source served as control.  

Both inorganic and organic carbon sources used in the 
present study supported the growth of the bacteria 
(Figure 8). The bacterial strain achieved the maximum 
growth with glucose (1.34) when compared with the
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Figure 9. Growth and laccase activity of Bacillus sp. PK4 with selected nitrogen sources (Ctrl – 
Control; Pt – peptone; Cn- casein; Ye – yeast extract; Gel – gelatin; Ur – urea; AS – ammonium 
sulphate; AP – ammonium phosphate; AN- ammonium nitrate; PN- potassium nitrate; AC – ammonium 
carbonate; SN – sodium nitrate (Values are the mean ± SD of triplicates). 

 
 
 
control (0.96). However, the inorganic source sodium 
citrate and sodium acetate did not increase the growth of 
the culture when compared to control. 

The control sample gave the laccase activity of 0.36 
U/ml. The maximum laccase production was supported 
by glucose in the medium (0.49 U/ml) followed by lactose 
(0.45 U/ml), maltose (0.44 U/ml), starch (0.43 U/ml) and 
mannose (0.43 U/ml). The galactose (0.22 U/ml) and 
sucrose (0.32 U/ml) were found to lower the laccase 
production when compared with the control. The 
inorganic carbon sources sodium citrate (0.25 U/ml) and 
sodium acetate (0.32 U/ml) were also found to decrease 
the laccase production.  

The presence of glucose augmented both the laccase 
production and growth among the various tested carbon 
sources as compared to control. This is in accordance 
with the results of studies on Bacillus sp. carried out by 
Kaushik and Thakur (2014) which suggested that 
dextrose was the best carbon source when compared to 
sodium acetate, sucrose and sodium citrate. However, 
Kaira et al. (2015) reported that fructose, maltose, 
sucrose, xylose, galactose, cellulose, and starch 
supported the maximum laccase production compared to 
glucose as sole carbon source in Serratia marcescens. 
 
 
Effect of nitrogen sources 
 
The nitrogen is primarily metabolized to produce amino 
acids, protein, nucleic acid and cell wall components in 
microbes. The nature and concentration of the nitrogen 
source are the most important factors for the production 

of ligninolytic enzymes in white-rot fungi (Kunamneni et 
al., 2007). And also in bacteria, production of the 
economically important enzyme depends on the type and 
concentration of the nitrogen source (Shivanand and 
Jayaraman, 2009). The effect of various organic and 
inorganic nitrogen sources at 0.5% level on laccase 
production and growth of the isolated strain was studied 
and the results are shown in Figure 9. 

Figure 9 portrays that all the selected nitrogen sources 
in the study supported the growth of the isolate and 
maximum growth was achieved with yeast extract (1.35). 
The growth of the bacterial isolate with different nitrogen 
sources gave decreasing order in terms of optical density 
at 600 nm as given below: 
 
Yeast extract > peptone (0.99) > casein (0.97) = 
ammonium sulphate (0.97) > ammonium phosphate 
(0.93) > ammonium carbonate (0.88) > urea (0.85) > 
ammonium nitrate (0.84) > gelatin (0.54), sodium nitrate 
(0.32) > potassium nitrate (0.31). 
 
With regard to laccase production, yeast extract (0.77 
U/ml), ammonium sulphate (0.74 U/ml), peptone (0.72 
U/ml) and gelatin (0.72 U/ml) were found to be the best 
nitrogen sources. Nearly a two-fold increase of laccase 
production was observed in the presence of these 
nitrogen sources when compared with control (0.36 
U/ml). The other tested nitrogen sources, namely 
ammonium phosphate, ammonium carbonate, sodium 
nitrate, urea, ammonium nitrate, and casein gave a 
higher amount of the enzyme when compared with the 
control and it ranged between 0.41 U/ml and 0.70 U/ml
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Figure 10. Growth and laccase activity of Bacillus sp. PK4 with selected 
agitation rate (Values are the mean ± SD of triplicates). 

 
 
 
except potassium nitrate (0.28 U/ml). It can also be noted 
that inorganic nitrogen source sodium nitrate gave 
inverse relationship for bacterial biomass and laccase 
production (Figure 9). Further, these results also 
confirmed that both the organic and inorganic nitrogen 
sources can augment the laccase production.  

Madhavi and Lele (2009) stated that nitrogen sources 
effectively regulate the laccase production compared to a 
carbon source. In agreement with these reports, the 
present study also show a 2-fold increase in laccase 
production on nitrogen source optimization compared to 
carbon source optimization. Niladevi et al. (2009) 
reported yeast extract as the best nitrogen source for the 
laccase production for the strain Streptomyces 
psammoticus whereas Kaushik and Thakur (2014) 
showed that tryptone induces the maximum laccase 
production compared to yeast extract in Bacillus sp. In 
fungi, laccases are activated during the secondary 
metabolic phase, which is triggered by the depletion of 
nitrogen source. The results of the present study and 
previous reports suggested that nutritional supplement 
that effectively enhances the laccase production depends 
on the individual microbes and specific growth conditions. 
 
 
Effect of agitation 
 
The effect of agitation on the growth and laccase 
production of the isolated strain was determined and the 
results are shown in Figure 10. From Figure 10, it is 
evinced that growth of the isolated strain increased with 
increase in speed of agitation. However, the laccase 
production was highest at 150 rpm (1.12 U/ml) compared 
to lower agitation 100 rpm (0.79 U/ml) and higher 
agitation 200 rpm (0.98 U/ml). The increase in agitation 

rate of 200 rpm did not increase the production, but gave 
the maximum bacterial growth; probably at higher 
agitation rate the enzyme structure might be changed.  

However, at lower agitation rate there was a drastic 
reduction in enzyme production indicating the insufficient 
mixing of culture media and supply of oxygen. The 
amount of dissolved oxygen in the fermentation medium 
is greatly influenced by the speed of agitation. Excessive 
agitation results in a higher mechanical force, which may 
produce the cell destruction and uptake of nutrients, 
thereby lowering the enzyme production (Purwanto et al., 
2009).  

Therefore, optimizing the agitation of fermentation 
media is a very important factor to provide sufficient 
oxygen, mixing and uptake of nutrients by the microbe. 
The findings of the present study are in line with the 
reports of other similar studies indicating the maximum 
production of laccase at 150 rpm shaking condition for 
the strains Streptomyces lydicus (Mahmoud et al., 2013) 
and Streptomyces psammoticus (Niladevi and Prema, 
2008).  
 
 
Effect of inducers 
 
The extracellular laccases are constitutively produced in 
small amounts, however, their production can be 
considerably stimulated by the presence of inducers 
mainly aromatic or phenolic compounds related to lignin 
or lignin derivatives. From Figure 11, it is noted that all 
the selected inducers supported the growth of the 
bacteria except 50% alcohol, which reduced the growth in 
terms of biomass. Among all the selected inducers, 
copper sulphate increased the growth to a greater extent 
when compared to the control. 
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Figure 11. Growth and laccase activity of Bacillus sp. PK4 with different inducers GA – Guaiacol; 
Xy - Xylidine; VA – Veratryl alcohol; CT – Catechol (Values are the mean ± SD of triplicates). 

 
 
 

Guaiacol, ABTS, and veratryl alcohol increased the 
laccase production to a greater extent when compared 
with alcohol control. The catechol and 2,5 xylidine 
reduced the laccase production in comparison with 
alcohol control. The findings of the present study reveal 
that copper at a concentration of 0.1 mM induced the 
laccase production. According to the literature, the 
amount of copper required to induce laccase activity 
varies with different bacterial species ranging from 
0.1mM to 1 mM (Mahmoud et al., 2013; Santo et al., 
2013).  

The enhancement of laccase activity in response to 
various inducers depends on the physiological and 
genetic makeup of microbial strain. Elisashvili et al. 
(2010) corroborated that the structure of aromatic 
compound and concentration play an important role in the 
synthesis of laccase. In addition, they suggested that 
enhanced laccase activity might function as a defense 
mechanism against chemical stress. Mongkolthanaruk et 
al. (2012) also stated that laccase activity of different 
bacterial strains namely Rhodococcus sp. Enterobacter 
sp., Staphylococcus saprophyticus and Delftia 
tsuruhatensis could be triggered with different substrates 
(guaiacol, veratryl alcohol, phenol red and ethidium 
bromide). 
 
 
Effect of salts 
 
The production of extracellular enzymes by microbes is 
substantially increased not only by carbon and nitrogen 
source but also by trace elements (Fakhfakh-Zouari et 
al., 2010). The effect of various salts namely KCl, BaCl2, 
MnSO4, ZnSO4 and FeSO4 on laccase production and 
growth of the isolated strain was examined and the result 
is presented in Figure 12. The MgSO4 and CaCl2 at the 

concentration of 0.01g/l were present in the original 
medium which was kept as control.  

The presence of KCl, ZnSO4, and FeSO4 in the media 
appeared to enhance the growth of bacteria as compared 
with the control. However, the presence of BaCl2 and 
MnSO4 resulted in decreased growth (Figure 12). Figure 
12 also illustrates that FeSO4 gave the maximum laccase 
production for the isolated strain. The ZnSO4 also 
increased the laccase production in comparison with the 
control. KCl was found to have less effect on laccase 
production for the isolated strain. From the figure, it is 
also evident that MnSO4 did not have an effect on 
laccase production, whereas BaCl2 had shown the 
negative impact on laccase production for the isolated 
strain. Niladevi et al. (2009) reported that trace element 
solution has ZnSO4, FeSO4 and MnSO4 as the major 
influencing factor for laccase production. Fonsesca et al. 
(2010) affirmed that Fe and Cu ions induce the laccase 
production through translational and post-translational 
regulation.  
 
 
Effect of copper-induced time 
 
The effect of copper addition (0.1 mM) at different time 
intervals 0, 2, 4, 6 and 8 h was studied. The results are 
recorded in Table 2. The addition of copper at the 0

th
 h 

(2.13 U/ml) effectively increased the laccase production 
compared to the addition of copper after 2 h (1.72 U/ml), 
4 h (1.22 U/ml), 6 h (1.19 U/ml) and 8 h (1.18 U/ml). The 
copper may effectively induce the production of laccase 
at the initial stage of growth of the bacteria compared to 
the later stages. Copper is an essential micronutrient for 
most living organisms and required for assembling 
copper proteins, which are involved in the oxidation and 
reduction reactions. Copper acts both as an inducer and



Rajeswari and Bhuvaneswari          1825 
 
 
 

 
 

Figure 12. Growth and laccase activity of Bacillus sp. PK4 with selected salts (values are the mean 
± SD of triplicates). 

 
 
 
Table 2. Effect of copper-induced time. 
 

Copper-induced 
time (h) 

Laccase activity 
(U/ml) 

Growth at A600 

nm  

0 2.13 ± 0.08 1.20 ± 0.01 

2 1.72 ± 0.17 1.22 ± 0.03 

4 1.22 ± 0.04 1.22 ± 0.01 

6 1.19 ± 0.07 1.19 ± 0.02 

8 1.18 ± 0.06 1.18 ± 0.01 
 

Values are the mean ± SD of triplicates. 

 
 
 
as a micronutrient and has the potential to raise the 
laccase production considerably (Bakkiyaraj et al., 2013).  

However, the presence of copper in higher 
concentration is extremely toxic to microbial cells 
(Trevors and Cotter, 1990). The extent of laccase 
production enhancement also depends on the inducer 
concentration and its time of addition (Gainfreda et al., 
1999). Strong (2011) also stated that the addition of 
inducer prior to inoculation is more effective compared to 
the addition of inducer when the biomass is actively 
growing. From Table 2 it is also evident that there is no 
difference in terms of growth of bacteria with respect to 
the time of addition of copper. The results are in line with 
Zheng et al. (2013), who avowed that the addition of 
copper at a different time interval (0 to 6 h) in Proteus 
hauseri ZMd44 has no influence on cell growth.  

The optimization of media components and growth 
conditions resulted in 2.13 U/ml compared to unoptimized 
media (0.18 U/ml) that is, 11.8 fold increase in laccase 
production was achieved. 

Conclusion 
 
The study demonstrates the presence of thermostable 
laccase producing bacteria in the selected environmental 
samples. The bacterial strain which produced laccase 
with higher thermostability was from paper mill effluent 
and it was identified as Bacillus sp. PK4. The media 
conditions optimized for laccase production by Bacillus 
sp. PK4 using one factor one time method resulted in 
11.8 fold increase. Therefore, the laccase from the 
isolated strain can be used efficiently in bioremediation of 
industrial effluents and wastewater treatment. 
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PHA is a biodegradable and biocompatible natural thermoplastic produced from renewable 
bioresources and is hence attracting attention as a plastic material for use in the environment and 
medical fields. In the present study, the Lynisibacillus sp. strain UEA-20.171 was selected for 
production of polyhydroxyalkanoate (PHA) in bioreactor. The accumulation of polymer in the bacterium 
occurs when there is an imbalance in the concentration of nitrogen in relation to carbon (glucose). After 
the period of adaptation in mineral medium from 12 to 24 h, the cell division occurred from 12 to 24 h, 
and the formation of biopolymers from 36 to 48 h. It was observed that the polymer produced by the 
isolated UEA-20.171, was P(3HB). 
  
Key words: Polyhydroxyalkanoates, polyhydroxybutyrate, bioplastics, Lysinibacillus.   

 
 
INTRODUCTION 
 
Polyhydroxyalkanoates (PHAs) are a class of 
biopolymers that are an alternative to petrochemical 
polymers in some applications (Lee et al, 2012; Poblete-
Castro et al, 2012; Kawashima et al, 2012). They are 
polyesters synthesized by microorganisms and are 
completely biodegradable. The diversity of the PHA, 
allows a wide range of properties and can exhibit features 
that range from thermoplastics, elastomers and have 
potentiality for use in many applications (Khanna and 
Srivastava,  2005;  Silva  et  al.,  2007).  In  addition,   the 

PHAs are obtained from renewable sources, in general, 
from agriculture (Thomson et al., 2013).  

Due to its biocompatibility, the PHAs currently have the 
largest market in the medical field, a market which is 
willing to pay a higher price due to the excellent 
application characteristics (Chen et al, 2011; Shrivastav 
et al., 2013). In addition  to biocompatibility, the PHAs 
have a biodegradability which allows reabsorption of the 
body by the material allowing applications such as 
sutures, implants and controlled release of drugs  (Gumel 
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et al., 2012; Shrivastav et al., 2013).  

PHA accumulation is stimulated under unbalanced 
growth conditions such as nitrogen- or phosphorus-
source deficiency; most bacteria are able to accumulate 
PHA at around 30 to 50 wt% of dry cell (Tsuge et al., 
2015). Members of the genus Bacillus, as well as several 
other microorganisms that produce PHA also produce 
copolymers containing 3HB and 3HV units when grown 
on different substrates such as glucose, among others 
(Gomes, 2013; Tsuge et al., 2015). 

In general, the greatest obstacle to the use of PHA is 
still the cost of production (Gamal et al., 2013; Brito et al., 
201; Falcone et al., 2007). Therefore, the aim of this 
study was to search for new microorganisms with 
biopolymer production potential of commercial 
importance in the industry. 

 
 

MATERIALS AND METHODS 
 
Microorganism 
 
The microorganism used in this study (UEA-20.171) was isolated 
from the Madeira River, affluent of the Amazon River – Brazil. The 
tests were conducted in the laboratory of the Amazonas State 
University, Brazil. This bacterium was isolated and purified on 
nutrient agar (NA- Himedia), composed of 5 g/L peptone; 1 g/L 
meat extract;  5 g/L sodium chloride;  2 g/L yeast extract; agar 
15 g/L and incubated at 28°C for 24 h. 
  
 
Means for producing polyhydroxyalkanoate 
 
For production of biopolymer bacteria were grown on mineral 
medium (MM) consisting of 40 g/L glucose; 1.5 g/L of KH2PO4; 3.50 
g/L Na2HPO4; 0.2 g/L MgSO4.7H2O; 0.01 g/L CaCl2.2H2O; 0.06 g/L 
ferric ammonium citrate; 0.05 g/L (NH4)2SO4 and 1 mL of trace 
elements solution prepared according to the method described by 
Ramsay et al. (1990) and pH 7.2. For solid medium, the 
composition was identical to the liquid media, plus 15 g /L of agar 
and subsequently autoclaved for 20 min at 121°C and 1 atm. After 
growth in mineral medium the bacteria were stained with safranin 
solution and observed under an optical microscope. 
 
 
Growth in bioreactor 
 
The UEA-171 strain was grown in 1 L liquid nutrient medium under 
agitation (150 rpm) at 30°C for 24 h; after growing, the bacteria 
were centrifuged at 4000 g for 20 min at 4°C. The cell mass was 
transferred to the bioreactor (Bioflo 110) containing 3 L of mineral 
medium (Figure 1), being agitated at 50 rpm at 30°C and 3 m

3
 of air 

per hour. Every 12 h, samples were collected for reading the 
spectrophotometer at 600 nm (FEMTO 600 plus) and for viable cell 
count (colony forming unit-CFU / ml) on nutrient agar. 
 
 
Extraction and purification of biopolymers 
 
About 20 mg of lyophilized bacterial mass were used for the 
extraction of the biopolymer, and 2 mL of chloroform were added. 
The tubes were closed tightly, and the samples agitated and heated 
for 3 h at 100°C. Then the samples were filtered through a cellulose  

 
 
 
 
filter with pore 0.4 µm (Millipore) to remove cell debris. The 
biopolymers were agitating them vigorously for 30 s and 
precipitated in methanol-chloroform 5:1 v/v, and then dried at 30°C 
and separated (Jamil et al., 2007). 
 
 
Polymer analysis: Gas chromatography 
 
The sample biopolymers were dissolved in 2 ml of acidified 
methanol (3% (v/v) H2SO4), and 1 mL of chloroform. The samples 
were maintained at 100°C for 60 min. After cooling to room 
temperature, 1 mL of sterile Mili Q water was added to the whole 
sample, and then stirred for 10 min for phase formation (Braunegg 
et al., 1978). 

After separation, the supernatant (upper) was discarded and the 
organic phase (bottom) was used for analysis. A volume of 1 ml of 
this organic phase was analyzed after fractionation of the sample 
("split" 1:20) by gas chromatography coupled to mass 
spectrophotometer, Model QP2010, Shimadzu, with helium carrier 
gas purity and 5.0. 
 
 
Identification of isolate 
  
The identification of isolated strain was performed according to 
Bergey’s Manual of Determinative Bacteriology (Brown and Howard 
1939). Genomic DNA was extracted by a bead beating lysis method 
with 10% sodium dodecyl sulfate and phenol-chloroform. The 16S 
rRNA gene was amplified by PCR using the universal primers 27F 
(5'-GAGAGTTTGATCCTGGCT CAG-3') and 1401R (5'-
CGGTGTGTACAAGGCCCGGGAACG-3') according to Procópio et 
al. (2012). The PCR conditions were: 95°C for 5 min followed by 30 
cycles of 94°C for 1 min, 55°C for 1 min, and 72°C for 1 min 30 s, 
and a final step at 72°C for 10 min. Subsequently, the DNA 
amplification product was purified (GFX PCR kit, Amersham 
Pharmacia Biotech) and sequenced. The partial 16S rDNA 
sequence obtained was submitted to GenBank for BLAST 
searching, and phylogenetic analyses were conducted using 
MEGA5 (Tamura et al., 2011). 

 
 
RESULTS 
 
Biopolymers accumulation 
 
The assimilated carbon sources are biochemically 
transformed into hydroxyalkanoates units, polymerized 
and stored in the form of inclusions insoluble in water in 
the cell cytoplasm (Brito et al., 2011), as illustrated in 
Figure 2, to the Isolated UEA-20.171 of Lysinibacillus sp. 
where isolates were grown on mineral medium containing 
glucose, after 10 days of incubation and stained with 
Safranin which the biopolymers can be viewed under an 
optical microscope in clearer structures 
 
 
Identification and phylogeny 
 
The molecular identification technique using amplification 
of the 16S ribosomal gene allowed the identification of 
isolated UEA-20.171, compared with sequences in the 
public  database  Genbank  using  the  BLASTn  program  
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Figure 1. Autoclavable 3 L, BioFlo 110 bioreactor (New Brunswick Scientific). 
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Figure 2. Isolated UEA -20.171 of Lysinibacillus sp. stained with Safranin and viewed in optical 
microscope 1000x. A- medium NA and  B- medium MM.    

 
 

 
(www.ncbi.nih.gov) showing similarity to strains of the 
genus Lysinibacillus. 

Currently, RNAs genes can be considered one of the 
most important molecules for study  of  microbial  ecology  
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 Lysinibacillus mangiferihumi M-GX18 (NR 118146.1)

 Lysinibacillus xylanilyticus XDB9 (NR 116698.1)

 UEA 20.171

 Lysinibacillus sp. INBio 4511D (KM242566.1)

 Lysinibacillus macroides LMG 18474 (NR 114920.1)

 Lysinibacillus meyeri WS 4626 (NR 117577.1)

 Lysinibacillus chungkukjangi2RL3-2 (NR 109669.1)

100

65

0.005  
 

Figure 3. Phylogenetic relationship of isolate UEA 20.171 with closely related members of Lysinibacillus based on 16S rRNA gene 
sequence analysis.  

 
 
 
and phylogeny because they allow an evaluation of the 
microbial biodiversity in different ecological niches 
(Heyndrickx et al., 1996; Muyzer and Smalla, 1998). 
Besides the identification of microorganisms of the genus  
level and possibly at the level of species, can also allow 
correlations between genotype and the environment 
studied (Chèneby et al., 2000). Despite the UEA-20171 
isolated belong with great similarity to Lysinobacillus 
genus; it was not possible to define the specie as shown 
in Figure 3. Lysinobacillus is a genus of Gram-positive 
bacteria and a member of the phylum Firmicutes and 
class Bacilli. 
 
 
Analysis of biopolymer 
 
The determination of biopolymer was performed using 
gas chromatograph coupled to mass spectrometer. The 
methanolizaded samples were injected (1 uL) in the 
machine using helium as a carrier gas and purity 5.0. As 
indicated by Figure 4, it was observed that the polymer 
produced by the isolated UAS-20171, was P(3HB), with 
peaks at a retention time of approximately 12 and 15 min, 
similar to the pattern of PHB/HV. 
 
 
Growth bioreactor 
 
The accumulation of polymer in the bacterium occurs 
when there is an imbalance in the concentration of 
nitrogen in relation to carbon (glucose). After the period 
of adaptation in mineral medium from 0 to 12 h, the 
isolated UEA-20.171 significantly increased the cell 
number (CFU), possibly due to accumulated nitrogen 
during growth in nutrient medium. Only after 36 h there 
was an increase in the OD possibly due to the 
accumulation of biopolymer in the cell, as a consequence 
of the lack of nitrogen. Cell division was primarily 12 to 24 

h, and the formation of biopolymers occurred from 36 to 
48 h as shown in Figure 5. 
 
 
DISCUSSION 
 
Polyhydroxyalkanoates (PHAs) power reserve and 
carbon (Tajima et al., 2012; Chen et al., 2011; Roa et al., 
2010) accumulated by a wide variety of microorganisms, 
such as inclusions polyesters insoluble (hydrophobic) as 
intracellular granules, which may correspond to 90% of 
the cell mass (Ryan et al., 2013;. Torrego-Solana et al., 
2012), Isolated UEA-20.171 was able to accumulate PHA 
as can be seen in Figure 2. Among the microorganisms 
producers of PHA, Bacillus are commonly found in the 
environment, however, despite the variety of species, 
they are largely unexplored. The identification showed 
that the isolated UEA-20.171 belongs to the genus 
Lysinibacillus as shown in the phylogeny (Figure 3). 

Bacillus exhibit desirable characteristics for the 
production of PHAs, such as short generation time, easily 
reach a high cell density, use of low cost carbon and 
nitrogen sources, they are able to secrete large amount 
of enzymes, and are good "hosts" for expression of 
heterologous genes (Law et al., 2003). Members of the 
genus Bacillus, as well as several other microorganisms 
that produce PHA, also produce copolymers containing 
3HB and 3HV units when grown on different substrates 
such as glucose, molasses, propionic acid, among others 
(Gomes, 2013; Krueger, 2009). Furthermore, Bacillus can 
produce a variety of extracellular enzymes, including α-
amylases and proteases. Due to these enzymes, Bacillus 
strains are able to utilize polysaccharides and 
polypeptides for cell growth and direct accumulation of 
PHA (Halami, 2008). The Lysinibacillus is a bacteria of 
rapid growth, and low nutritional exigency, and might 
become an important producer of PHA. The synthesis of 
PHB by Bacillus cereus strain T, starts after the end of  
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Figure 4. Chromatogram of the PHA produced from glucose by isolated UEA-20.171 and the pattern.  
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Figure 4. Chromatogram of the PHA produced from glucose by isolated UEA-20.171 and the pattern.  
 
 
 
the logarithmic phase, reaching a maximum accumulation 
until the formation of spore, and degradation occurs 
during the process of sporulation (Valappil et al., 2007b). 
Already, in B. megaterium, during stationary phase, the 
polymer beads decay in size and number per cell 
(McCool et al., 1996). For Lysinibacillus, cell growth was 
observed from 12 to 24 h and the PHA production from 
36 to 48 h as shown in Figure 5. Some unique properties 
of Bacillus subtilis as lacking lipopolysaccharide layer, the 
expression of genes of autolysis on completion of the 
PHA biosynthesis process, and the use of industrial 
biowaste enable it to compete as a potential candidate for 
the commercial production of PHAs (Singh et al., 2009). 
Gram-negative bacteria contain lipo-polysaccharides 
(LPS), which are pyrogenic endotoxins, in the outer 
membrane. In contrast, most Gram-positive bacteria do 
not contain LPS (Singh et al., 2009). The lack of LPS is 
an advantage of using a Gram-positive PHA producer to 
produce endotoxin-free PHA for medical applications. 
Additionally, B. subtilis is generally regarded as a safe 
(GRAS) organism by the Food and Drug Administration 
(Singh et al., 2009). PHA produced by Lysinibacillus was 
similar to that produced by Bacillus (Figure 4). For PHA 
recovery, solvent, or both are usually used for the 

extraction of PHA, for the digestion of non-PHA cellular 
materials, or for both processes. Gram-positive bacteria, 
including Bacillus, have relatively thick cell walls; thus, 
more energy and chemicals are required to disrupt the 
cells for recovery of the intracellular PHA (Tsuge et al., 
2015).  

However in the study of Costa (2012), 217 bacteria 
were isolated from sponges collected from the cities of 
Parintins and Manaus - Amazonas. Of this total, they 
identified 30 strains of bacteria in the city of Parintins, 
noting the presence of Lysinibacillus genus, at a 
frequency of 13.6%, associated with freshwater sponges, 
with symbiotic functions. The Lysinibacillus genus has not 
been described until now for the production of PHA. 
Other studies have also shown the Bacillus ability to 
produce poly-3-hydroxibutirato - PHB (Lee et al., 2004; 
Takaku et al., 2006) being the most promising of 
biopolymers existing in the form of amorphous semi-
crystalline granules inside the bacteria (Jendrossek and 
Handrick, 2002 ). 

Valappil et al. (2007a) have reported some Bacillus 
species studied for their ability to accumulate PHA. 
Among these, the B. thuringiensis strain DSM2046 
stands  out  in  the  presence  of   acetate   as   a   carbon 
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Figure 5. Cell division and biopolymers formation in the bioreactor using the isolated UEA-20.171 of Lysinibacillus sp. 

 
 
 
source, producing about 47.6% by weight of PHB. 

It is known that one of the factors limiting the 
commercialization of PHAs is the cost of the substrate for 
its production, so many researches with the use of low 
cost substrates, such as sugar cane molasses used for 
the production of P (3HB) by B. megaterium, with a yield 
of 46.2% P(3HB) on a dry weight biomass (Gouda et al., 
2001). Omar et al. (2001) cultivated B. megaterium, using 
date syrup and sugar beet molasses as carbon source, 
and obtained an accumulation of 52 and 50%, 
respectively. In addition, they found that the accumulation 
of P(3HB) is associated with cell growth. Already Bacillus 
sp. JMa5 grown on molasses, accumulated 35% of 
P(3HB) on  dry weight (Wu et al., 2001). Borah and 
colleagues (2002) studied the influence of nutritional and 
environmental conditions for the accumulation of P(3HB) 
in B. mycoides, indicating that sucrose, meat extract and 
ammonium sulfate are important elements for growth and 
polymer accumulation, obtaining a 69.4% yield of P 
(3HB) of the dry weight of the biomass. B. cereus 
accumulated polymer 40.3% (75% 3HB and 25% 4HB) 
when grown on medium containing fructose (Valappil et 
al., 2007c). Values higher than 60% of cell dry weight 
P3HB were obtained  when  given  glucose  or  xylose  as 

carbon sources, making it a candidate strain for the 
production of PHA using lignocellulosic residues as 
substrates (Lopes et al., 2009). Further testing should be 
made with UEA -20.171, using industrial waste as a 
carbon source, to evaluate the cost of PHA production by 
this bacterium. 

 
 
Conclusions  

 
Bacillus spp. are the most versatile PHA producers, their 
abilities to produce PHAs range from homopolymers to 
copolymers from simple sugars to complex industrial 
wastes. Isolated UEA -20.171 of Lysinibacillus sp. was 
able to grow and accumulate large amounts of PHA in a 
short period of time. P3HB production by Lysinibacillus 
has some advantage, and can use various carbon 
sources; secretion of a variety of extracellular enzymes, 
endotoxin-free PHA production. These benefits will 
contribute to a low-cost production of high-performance 
PHA, since the major obstacles of PHA 
commercialization are high production costs and poor 
material properties.  
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Dead leaves of neem trees in the Sahelian urban zone are among the wastes that are underutilized, 
since it is either buried or burnt, and thus, contribute to increased environmental pollution. 
Unfortunately, the lack of information on the biomass and energy potentials of these wastes empedes 
any initiative for its industrial biomethanization. This study was investigated with the aim of evaluating 
the biofuel potentials of dead neem leaves in Maroua town. The number of neem trees, as well as 
biomass produced by their dead leaves in the town was estimated. Different possible forms of energy 
which could be generated from biomass were determined. Results revealed the presence of 45500 neem 
trees in the whole town. In addition, averagely 1.2 kg of dead neem leaves was daily produced per tree. 
All the neem trees were able to generate 53.7 tons biomass/day, which can supply 756.538 m

3 
of biogas 

in 7 months of defoliation. This biogas volume was assimilated to 5.674 MWh/day of electrical energy, 
sufficient enough to support the need of 7565 householders. The biogas produced could be used as 
cooking energy source, or substitute the firewood demand of 3926 householders for 7 months, leading 
to the preservation of 567.45 ha land /year from destruction as the result of uncontrolled firewood 
collection in the sahelian zone. 
 
Key words: Biomethanization, biogas, biofuel, dead neem leaves, energy, Maroua town. 

 
 
INTRODUCTION 
 
In response to environmental and energy problems 
around the world, the use of renewable energies appears 
as the best solution to these crisis (De Jong et al., 2016). 
Indeed, fossil fuels  have  been  recognized  as  the  main 

sources of greenhouse gas effect emitted into the 
atmosphere and destabilizing the climate (Mudhoo, 
2012). Several countries recognizing this situation have 
gradually  implemented  policies to use renewable energy  
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Figure 1. Mini-bioreactors producing biogas from dead neem leaves. 

 
 

 
(De Jong et al., 2013; Sánchez et al., 2015). Bioenergy 
has thus proven the ability to effectively find alternatives 
to substitute the fossil energy (Kumar et al., 2009; He et 
al., 2014). In addition, adoption of biogas limits the 
deforestation caused by the collection of firewood that 
represents the only source of energy for more than 81% 
of inhabitants in the sub-Saharan Africa (Uyigue and 
Archibong, 2010; Folefack and Abou, 2009). For 
example, less than 05% of inhabitants of the Far North of 
Cameroon use cooking gas as the source of energy 
when preparing their meals. The rest depend essentially 
on the firewood collected from a semi desert environment 
(MINFOF, 2014). According to MINFOF (2014), the 
existing potential firewood in the environment of the Far 
North can satisfy just 75% of the needs of the population 
and the deficit will be 45% in 2022. However, for the 
production of the bioenergy to be more sustainable, it 
appears fundamental to use resources which are locally 
available and not competing with agricultural 
commodities (Zagorskis et al., 2012). Thus, this study 
was aimed at the use of dead neem leaves biomass 
which flood several cities in the Sahel and are commonly 
swept and burnt (Lacour, 2012; Faye, 2010; Mussoline, 
2013). Moreover, their biomethanization can significantly 
contribute to solve in its way the energy crisis (cooking 
energy supply), and reduce the ecological destruction 
found in Sahelian areas (Folefack and Abou, 2009). 
However, the lack of information on the biomass and 
energy potentials of these dead leaves has hindered any 
initiative in industrial biomethanization over the years. 
The case study of the biofuel potentials of this biomass 
within Maroua town is discussed. 

MATERIALS AND METHODS 
 

Assessment of the biomass potential  
 

The average daily amount (   of the biomass collected from 60 
neem trees from two different sites was daily quantified. This 
sampling was conducted from October 2014 to May 2015. The total 
number of neem trees (    in Maroua town was determined. 

The total annual biomass of dead neem leaves (  ) was 
estimated using Equation 1. 
 

                                                                                                    1 
 
 

Energy potential of the dead neem leaves biomass 
 
It was considered that all the dead neem leaves biomass undergo 
anaerobic digestion with the aim of producing biogas. The annually 
amount of biogas Qg provided is expressed by Equation 2 (Tizé et 
al., 2011; Lacour, 2012). 
 

                                                                                                                    
 

To determine the quantity of biogas/Kg of biomass (  ), the test of 
co-digestion of dead neem leaves was conducted in the mini-
bioreactors (Figure 1). Dead leaves of neem collected were 
biologically pretreated to improve their productivity (Mussoline, 
2013; Montgomery and Bochmann, 2014). A quantity of 2.8 kg of 
leaves was mixed with 1.4 kg of fresh cow dung and moistened with 
4.2 L of water. After 5 days, 10 days, 15 days, 20 days and 30 days 
of pretreatment, samples of 135 g (D45) and 105 g (D35) of dead 
leaves of neem (dry matter) are used and associated respectively 
with 50 g and 55g (dry matter) of cow dung to feed mini bioreactors 
of 1.5 L. A total of 10 treatments (FN2BP) with four replications 
were made up. Two treatments of no pretreated dead neem leaves 
(FNB) and two treatments containing essentially 50 g and 55 g of 
dung (dry matter) were also made. Productions of biogas during 
anaerobic  co-digestion  of  these  treatments have been evaluated.
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Figure 2. Average amount of dead neem leaves biomass produced per tree and month. 
 
 
 

The potential electricity value E which could be supplied from the 
produced biogas was estimated using the proposed conversion by 
Sama and Thiombiano (2012)  (Equation 3). 
 
                                                                                                                            

 
The final electricity production of dead neem leave biomass taking 
in account the yield of 33% of the biogas generator according to 
Mussoline (2013) is calculated (Equation 4). 
 
                                                                                                                          

 

Elsewhere, Tize et al. (2011) have established an equation which 
permits the determination of corresponding volume of liquefied 
butane gas from the biogas production. By using this equation, the 
number of bottles (Nb) of 12.5 L of butane which is the most 
distributed in Cameroon was estimated (Equation 5). 
 
                                                                                                                    

 
 

Statistical analysis 
 
The recorded biogas productions were subject to an analysis of 
variance at the level of 5% of significance. As the dead neem 
leaves are concerned, the collected data were analysed in order to 
determine the average production of dead neem leaves and its 
distribution in the town. In addition, the various benefits derived 
from the use of the quantified biomass of dead neem leaves were 
statistically appreciated. 
 
 
RESULTS AND DISCUSSION 
 

Potential of dead neem leaves biomass 
 

The amount of dead leaves produced by a tree during the 
defoliation period is shown in Figure 2. Result indicated 
that the largest drop of dead neem leaves in the city of 
Maroua was recorded in November. During this month, 
an average of 1.28 kg per day was produced. This 
production experienced a steady  decline  over  the  time.  

 
 

Figure 3. Distribution of neem trees in Maroua town. 

 
 
 

The lowest production of neem leaves biomass was 
observed in May. Beyond this month, the leaves biomass 
that failed was almost zero. In a similar study conducted 
by Tizé (2012), it was observed that the production was 
1.27 kg per day and per tree in November and 
December. It therefore appears that the amount of dead 
leaves gradually declined from November to May. 
Furthermore, it was estimated that the biomass 
production was proportional to the diameter of the neem 
tree taken at breast height. The overall average of dead 
neem leaves was 1.2 kg·tree-1·day-1. As far as the neem 
tree population is concerned, 45500 trees were 
enumerated in Maroua, not uniformly distributed on 
approximately 3294.78 ha area. About 20% of these 
trees are bordering the main streets, while 23.5% 
secondary roads of the city (Figure 3).  

Taken  into consideration the population of neem trees, 
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Table 1. Biogas productivities (qu) of pretreated dead neem leaves. 
 

Treatments 
Proportion D45  Proportion D35 

Production qu (L/kg)  Production qu (L/kg) 

FN2BP5 8694±778
eB

 64.4  7657±631
eA

 73 

FN2BP10 6776±735
dB

 50.2  4815±991
cA

 45.8 

FN2BP15 5612±710
cA

 41.6  6017±353
dA

 57.3 

FN2BP20 4846±436
cA

 35.9  4591±297
cA

 43.7 

FN2BP30 3088±491
bA

 22.9  3090±401
bA

 29.4 

TB 1716±77
aA

 34.3  1777±566
aA

 32.3 

FNB 0   0  
 
 
 

Table 2. Different forms of energy production from dead neem leave biomass in Maroua town during the defoliation period. 
 

Production Oct Nov Dec Jan Feb March April May Annual total Daily mean 

Biomass (ton) 1583 1747 1643 1706 1684 1593 1502 364 1182.9 53.7 

Biogas (10
3
m

3
) 101.4 111.8 105.1 109.2 107.7 101.9 96.1 23.3 756.5 3.448 

Potential Electricity (MWh) 506.7 559.1 525.6 546 538.7 509.6 480.5 115.5 3782.7 17.2 

Net Electricity (MWh) 167.2 184.5 173.5 180.2 177.8 168.2 158.6 38.4 1248.3 5.6 

Firewood  (ton) 507 559 526 546 539 510 480 116 3783 17.2 
 
 
 

the daily estimate of the total biomass production in 
Maroua was 53.7 tons. This biomass was estimated to 
11.820 tons/year. The final destination of this biomass is 
usually the landfill, where it is simply buried and 
undergoes degradation process to release CO2, CH4 and 
other substances that are known as the main greenhouse 
gas effect. A similar phenomenon was observed with rice 
biomass that yielded about 15% of anthropogenic 
methane in the atmosphere (Mussoline, 2013). 
Biomethanization of dead neem leaves can generate 
substantial energetic which can be beneficial to the 
population and environment. 
 
 
Energy potential of dead neem leaves biomass in 
Maroua 
 
The various biogas productivities obtained from the 
anaerobic digestion of dead neem leaves are illustrated 
in Table 1. 

It appears from this table that the dead neem leaves 
pretreated for 5 days have been the most productive. A 
proportion of D45 of FN2BP5 producing 64.4 L/Kg of 
biogas is 28 and 181% higher than those of FN2BP10 
and FN2BP30 respectively. It appears that the greatest 
productivity (73 L/kg) was obtained from FN2BP5 at a 
proportion of D35. In similar studies, the productivity of 
dead neem leaves at D25 was 46.9 L/kg (Tizé et al., 
2015). Therefore, the productions are inversely 
proportional to pretreatment duration. According to 
Montgomery and Bochmann (2014), when the duration of 
the biological pretreatment increases, the products 
released are less productive in term of  biogas as  part  of 

them are consumed by aerobic microorganisms. 
Moreover, FN2BP5 treatment at the proportion of D45 
has generated 5 times more biogas than TB treatment 
containing only cow dung (50 g) while non-pretreated 
dead neem leaves (FNB) have not produced biogas. This 
demonstrates the interest to use biological pretreatment 
of lignocellulosic substrates which increases the 
formation of sugars through the activity of the hydrolytic 
microorganisms (Godin et al., 2010).  

The valorization of the total dead neem leave biomass 
into different forms of energy is shown as indicated in 
Table 2 taken into consideration the productivity of 73 L 
of biogas/kg of dead neem leaves. 

The biomethanization of all biomass of dead neem 
leaves estimated in Maroua town could generate annually 
756.538 m

3 
of biogas. During all the defoliation period 

which is about 220 days, the daily production was 3438.8 
m

3
. This daily production is equivalent to the one supplied 

by the cow dungs which was 8.597 m
3
 (IEPF, 2012). 

In terms of the potential in electricity, the above 
quantity of biogas generated 17.194 MWh per day. In one 
year, the electricity supply will be about 3.783 GWh. Due 
to the low yield estimated to 33% (Mussoline, 2013) when 
converting biogas into the electricity, the net electricity 
production is 1,25 GWh/year or 5.674MWh/day. This 
could reduce the energy deficit in Cameroon that was 
estimated at 50 GWh in 2011 (SIE-Cameroon, 2011). 
According to ENEO (2015), the average electricity 
consumption in Cameroon is estimated at 165 kWh per 
capita, per year. Therefore, the dead neem leaves 
biomass in Maroua can meet the electricity needs of 
7565 people covering 1260 families according to their 
average size (Madi et al., 2003). 
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Table 3. Surface area (ha) preserved from the destruction caused by firewood collection when valorizing dead neem leaves. 
 

Surface areas preserved  Oct Nov Dec Jan Feb March April May Annual total Daily mean 

Yearly  76.0 83.9 78.8 81.9 80.8 76.4 72.1 17.5 567.4 2.6 

in 10 years  760.0 838.7 788.4 819.0 808.1 764.4 720.7 174.7 5674.0 2.6 

 
 
 

In terms of firewood, the daily production of biogas 
could substitute 17.2 tons, which corresponds to 3,783 
tons of firewood per year. Knowing that the annual 
consumption of 266.4 kg/person in the city (MINFOF, 
2014), 23558 people or 3926 households who were 
supposed to use firewood could be supplied in seven 
months. The valorisation of the dead neem leaves into 
biogas could therefore contribute to 7.15% reduction of 
fire wood consumption estimated at 52.884 tons/year in 
2007 in Maroua town (Folefack and Abou, 2009). When 
converting the biogas produced into domestic gas 
(butane) available in 12.5 L bottles in Maroua, it 
corresponded to 24.209 bottles. At a price of 6500 FCFA 
a bottle authorized on the market, this stock could 
generate an income of 157.359 millions CFA. 
 
 
Ecological interest 
 
According to Ntsama et al. (2007), the consumption of a 
ton of wood is equivalent to the destruction of 0.15 ha of 
the forest in the Sahel region. Therefore, the surface area 
which could be preserved through the year and in 10 
years is illustrated in Table 3. 

From Table 3, the valorisation of the biogas as cooking 
energy from dead neem biomass quantified in Maroua 
town could allow the preservation of 567.45 ha/year of 
the forest, usually destroyed by the population when 
fetching firewood. This surface is daily estimated at 2.6 
ha and in 10 years, will be 5674 ha. This contributes to 
the reduction of the surface destroyed from the use of 
firewood estimated at 194,490 ha in 2008, against 875.57 
ha in 1990 in Cameroon (SIE-Cameroun, 2011). Just 
from the ecological role played by the biomethanization of 
dead neem leaves which are accessible, it could be more 
efficient than many strategies (planting trees) taken by 
governments in order to fight against deforestation in 
northern Cameroon (SIE-Cameroun, 2011). The interest 
of effluents of digestion that can serve as biological 
amendment in agriculture is not negligible. This new 
fertilizer could contribute to the setting-up of organic 
farming in the city from which healthy and biological food 
could quantitatively and qualitatively be available. 
 
 

Conclusion 
 

In Maroua town, dead neem leaves biomass produced 
daily about 53.7 tons. This biomass can yield 3438.8 m

3
 

of  biogas   energy   daily   which  is  equivalent  to  3.783 

tons/year in term of firewood. This mass of wood can 
feed in term of energy 23558 people for seven months. 
Therefore, this is assimilated to an annual wood 
preservation of 567.45 ha from the destruction as the 
result of firewood collection. The valuation of this gas into 
electricity could effectively generate 1.25 GWh/year. This 
could meet the demand for electricity of 7565 people. It 
therefore appears that the recovery of dead neem leaves 
could provide solutions to energy problems in Maroua city 
and in the Sahel region where neem trees are the main 
planted trees. For further studies, it is suggested the 
optimization of the management of dead neem leaves 
through physical, chemical and biological pretreatments. 
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The oil palm (Elaeis guineensis Jacq.) is cultivated mainly for crude palm oil (CPO) which is extracted 
from the mesocarp of fruits. The quality of CPO is generally impaired due to high acidity, as a result of 
the activity of a lipase present in the mesocarp of the fruits at maturity. The objective of this study was 
to establish the genetic determinism of “palm oil acidity” (POA) from E. guineensis. Acidity was 
analyzed on CPO from the mesocarp of ripe fruits of some DELI parent palms used for the production of 
commercial seeds at CEREPAH Dibamba. Acidity analysis of 457 individuals from 11 progenies, issued 
from nine parents showed that, the segregation of forms with respect to this trait is compatible with a 
monohybridism with dominance. The dominant allele denoted that “Pa” determines high acidity while 
the recessive allele “pa” favours production of oil with low acidity. 
 
Key words: Elaeis guineensis Jacq., free fatty acid content, crude palm oil, inheritance. 

 
 
INTRODUCTION 
 
The oil palm (Elaeis guineensis Jacq.) is a perennial crop 
that belongs to the family Arecaceae. It produces two 
types of oil: crude palm oil (CPO) extracted from the 
mesocarp and palm kernel oil (PKO) extracted from the 
seed (Sambantharmurthi et al., 2000). Since 2006, palm 
oil became the most consumed oil of plant origin 
(SoyStats, 2007), thanks to massive plantings in 
Indonesia and Malaysia and selection and improvement 
of the crop with the major objective of increasing oil yields 
(Yew et al., 2010). With an average world annual yield of 
4 tons/ha/year (Jacquemard, 2011), the production of 
palm oil in 2015 was estimated at 62.1 million tons 
(SoyStats, 2016). This production represents  about  35% 

of world’s production of vegetable oils. The highest palm 
oil producing countries are Indonesia and Malaysia, who, 
respectively produced 28.4 and 19.2 million tons of oil in 
2013; Cameroon contributed 0.23 million tons (Faostat, 
2014). 

CPO production in Cameroon is carried out by two 
main sectors: industrial and informal (smallholders). In 
industrial oil production which supplies about 70% of total 
national production, bunches are harvested and treated 
immediately. CPO produced in this way does not degrade 
easily and is thus of better dietary quality in terms of 
acidity. In the smallholder sector which supplies 30% of 
CPO, bunches are treated several days after  harvest.  In  
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Figure 1. Progenies issued from self- pollination. 

 
 
 

 
 

Figure 2. Progenies issued from crosses. 

 
 
 
the course of this delay required to let fruits become 
easily detachable from the bunch, lipase activity in the 
fruit mesocarp accentuates with the hydrolysis of 
triglycerides, thus releasing free fatty acids. Oil produced 
as such has a high free fatty acid content and cannot be 
stored for long and is inappropriate for consumption 
(Anonymous, 2009). In the case in which the acidity ratio 
is high (above 5%), oil is classified as “acidic oil” 
(AFNOR, 1988). Below this threshold, oil is “non acidic”. 
Without prior refining, acidic palm oil is improper for 
human consumption (Anonymous, 2005). The fact that 
potentially acid oil cannot be stored for long enhances 
scarcity in the market during low production seasons, 
thus rendering the price of CPO very high.  

Preliminary studies on palm oil acidity (POA) have 
shown that there is a wide variability for this trait (Ngando 
et al., 2008). In fact, oil acidity can vary from 0.75 to 41%. 
However, the genetic determinism of this trait is not yet 
clearly elucidated. The objective of this study was to 
precisely establish the genetic determinism of POA of oil 
from E. guineensis as a contribution to the genetic 
analysis of this trait, towards production and supply of 
commercial planting material susceptible to produce oil 
with low acidity. 

MATERIALS AND METHODS 
 
Plant  
 
A total of 11 progenies of oil palm planted in CEREPAH of La 
Dibamba between 1993 and 1997 served for this study. They 
included LM 17114, LM 19175, LM 18565, LM 19016, LM 19198, 
LM 18688, and LM 13533, issued from self-pollination (Figure 1) 
and progenies LM 16578, LM 18443, LM 18801, and LM 19171 
from crosses (Figure 2). All of these materials were derived from 
nine parent palms: LM 3394 D, LM 2509 D, LM 2523 D, LM 2531 D, 
LM 3005 D, LM 2515 D, LM 2357 D, LM 2356 D, and LM 3257 D. 

The analysis of POA of all the progenies of the study served as a 
probe to elucidate the genetic determinism of this trait and to 
specify the genotype of the 09 parents for the concerned locus. 

 
 
Determination of palm oil acidity (POA) 

 
The evaluation of POA was done on oil extracted from mesocarp of 
matured fruits. Bunch maturity was determined by the presence of 2 
to 6 loose fruits (Sambantharmurthi et al., 2000). A bunch per tree 
and sixteen trees at least were haphazardly chosen per progeny. 
Oil extraction was done using hexane with the Soxhlet method 
(Ngando et al., 2008). Determination of acidity was done by titration 
using a burette with a solution of KOH 0.1N in three replicates per 
sample according to AFNOR (1988). For this study, the threshold 
between high acidity and low acidity was fixed at 5%.  



 
 
 
 
Statistical analysis 
 
Results of POA per progeny were compared to the theoretical 
proportions derived from monohybridism with relationship to 

dominance using Chi square test (
2
) at 5% significance threshold 

as in Yuste-Lisbona et al. (2010). 

 
 
RESULTS  
 
Progenies issued from self-pollination 
 
The analysis of data from selfed progenies revealed two 
types of results: homogeneity or heterogeneity for the 
trait under study. Progeny LM 19175 showed 
homogeneity for POA. For a sample of 50 individuals 
analyzed, all of them showed low oil acidity. It can thus 
be deduced that the parent LM 2509 D self-pollinated 
(SP) is homozygous for this trait. The same result was 
obtained with progeny LM 19016, as all of the 80 
individuals analyzed showed low oil acidity and it can be 
deduced that the parent LM 2531 D SP is also 
homozygous for this trait. The progenies LM 19198 and 
LM 13533 showed more consistency for high oil acidity 
on a total of 29 and 17 trees respectively analyzed for 
both progenies. It can therefore be concluded that, 
parents LM 2357 D and LM 3257 D self-pollinated palms 
are homozygous for this trait. On the other hand, progeny 
 LM 17114 showed heterogeneity for POA. From a 
sample of 45 individuals analyzed, 34 produced highly 
acidic oil and 11 produced oil with low acidity. It can be 
deduced from this, that the parent LM 3394D SP is 
heterozygous for oil acidity. Progeny LM 18565 also 
showed heterogeneity for POA. In fact, from a sample of 
50 trees, 39 produced highly acidic oil while 11 produced 
oil with low acidity. This leads to the deduction that the 
parent LM 2523 D SP is heterozygous for this trait. 
Progeny LM 18688 showed heterogeneity for POA. From 
a sample of 26 trees, 20 produced highly acidic oil while 
6 produced oil with low acidity thus making the parent LM 
2515 D SP to be considered heterozygous for this trait. 
 
 
Progenies issued from crosses 
 
Progeny LM 16578 showed heterogeneity for POA. From 
a sample of 25 individuals analyzed, 16 produced highly 
acidic oil while 9 produced low acidity oil. Progeny LM 
18443 on its part showed heterogeneity for POA, with a 
sample of 75 trees, revealing 36 with high acidity oil and 
39 with low acidity oil. Of a total of 100 individuals 
sampled from these two progenies issued from crosses, 
52 produced high acidity oil while 48 produced low acidity 
oil. These results reveal a distribution of 1:1 (Table 1). 
This suggests that the two progenies are issued from 
crosses between a heterozygous and a recessive 
homozygous individual. 

Progeny LM 18801 showed homogeneous  high  acidity 
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oil for the 32 trees analyzed. The parent LM 3394 D 
being heterozygous, it can be concluded that the LM 
3005 D parent is homozygous for the high oil acidity trait. 
This once more confirms the dominance of the high 
acidity phenotype. The LM 19171 progeny on its part also 
showed consistency for high oil acidity for the 28 
analyzed trees. The parent LM 2357 D is homozygous for 
high acidity oil. From the earlier mentioned result, it can 
easily be concluded that the genotype of the parent LM 
2356 D (unknown) does not influence the result of this 
progeny, and this again confirms the dominance of high 
oil acidity phenotype. 
 
 
DISCUSSION 
 
Genetic determinism of palm oil acidity highlighted in this 
study by Mendelian inheritance, indicates that it is a 
monogenic trait with dominance of the “higher oil acidity” 
form on the “lower oil acidity” form. This analysis is 
consistent with the results of a recent study based on a 
molecular approach on mesocarp lipase of oil palm fruits 
(Morcillo et al., 2013). The lipase enzyme is generally 
recognized as responsible for the acidification of palm oil 
(Desassis, 1957; Ngando et al., 2006). The molecular 
approach indeed shows that within mesocarp proteins of 
ripe oil palm fruits, there is a unique protein (55-kDa) with 
lipase properties. This protein is present in the mesocarp 
of individuals producing oil with high acidity and absent 
among those which produce the oil with low acidity 
(Morcillo et al., 2013). The uniqueness of the protein 
clearly refers to the monogenic trait in Mendelian 
inheritance. Moreover, the production of the protein with 
lipase activity in hybrid justifies the dominance 
demonstrated during this study. 

Similar results were obtained on the transmissibility of 
acidity in apple fruits (Hiroshi et al., 2012), the 
transmissibility of linoleic acid in carthamus (Hamdan et 
al., 2008) and for the transmissibility of erucic acid in 
Ethiopian mustard (Velasco et al., 2003). However, the 
great diversity of acidity rates renders it difficult to 
separate dominant homozygote from heterozygote in the 
present study. This same difficulty was encountered in 
the study of Ethiopian mustard (Velasco et al., 2003). In 
apple, there is good separation between low acidity 
individuals though with great proximity between 
heterozygotes and dominant homozygotes (Hiroshi et al., 
2012). For the transmissibility of linoleic acid in mustard 
N2-4961, it was possible to separate three phenotype 
classes with the ratio 1:2:1 in the F2 (Velasco et al., 
2002). The diversity of acidity rates could also be 
explained by a possible polygeny. A digenic determinism 
could be considered with a distribution ratio at F2 of 
1:4:6:4:1 (Pandey et al., 2013) or 1:14:1 (Alemayehu and 
Becker, 2001). A trigenic determinism has equally been 
postulated with one locus partially dominant on others 
(Perez et al., 2002). 
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Table 1. Segregation for POA of some progenies at CEREPAH/La Dibamba. 
 

Progenies 
Number of 

HAI 
Number 
of LAI 

Total 
Theoretical 

Ratio (HAI:LAI) 
Calculate

d χ2 
Critical 

χ2 

Homogeneity for low acidity 
      

LM 19175 0 50 50 0:01 0 
 

LM 19016 0 80 80 0:01 0 3,84 

Total Low acidity 0 130 130 0:01 0 
 

  
      

Heterogeneity 3:1 
      

LM 17114 34 11 45 3:01 0,008 
 

LM 18 565 39 11 50 3:01 0,024 3,84 

LM 18 688 20 6 26 3:01 1,61 
 

Total Heterogeneity3:1 93 28 121 3:01 0,23 
 

  
      

Heterogeneity 1:1 
      

LM 16 578 16 9 25 1:01 1,96 
 

LM 18 443 36 39 75 1:01 0,12 3,84 

Total Heterogeneity1:1 52 48 100 1:01 0,16 
 

  
      

Homogeneity for high acidity 
      

LM 19 198 29 0 29 1:00 0 
 

LM 18 801  32 0 32 1:00 0 
 

LM 19 171 28 0 28 1:00 0 3,84 

LM 13 533 17 0 17 1:00 0 
 

Total high acidity 106 0 106 1:00 0 
  

HAI: High acidity individuals; LAI: low acidity individuals, LM: LA ME, station at which material was developed. 
 
 
 

Table 2. Genotypes of parents used. 
 

Type of cross  Progeny Status of Progeny Status of parent(s) Genotype(s) of parent(s) 

Self-pollinisation 

LM 19016 Homogenous Homozygous [pa//pa] 

LM 19175 Homogenous Homozygous [pa//pa] 

LM 17114 Heterogenous Heterozygous [Pa//pa] 

LM 18565 Heterogenous Heterozygous [Pa//pa] 

LM 18688 Heterogenous Heterozygous [Pa//pa] 

LM19198 Homogenous Homozygous [Pa//Pa] 

LM13533 Homogenous Homozygous [Pa//Pa] 
     

Cross  

LM 16578 Heterogenous 
One of the parents is 
Heterozygous 

[pa//pa] x [Pa//pa] 

LM 18443  Heterogenous 
One of the parents is 
Heterozygous 

[Pa//pa] x [pa//pa] 

LM 18801 Homogenous 
One of the parents is 
Heterozygous 

[Pa//pa] x [Pa//Pa] 

LM 19171 Homogenous 
two of the parents are 
Homozygous 

[Pa//Pa] x [Pa//Pa] 

 

Pa: Dominant allele for oil acidity; pa: recessive allele for oil acidity; LM: LA ME, station at which material was developed. 

 
 
 

 Results obtained from this study have led to the 
suggestion of a simple and clear model for genetic 
determinism of palm oil acidity. This trait is considered as 
monogenic and “high oil acidity” is dominant over “low 
acidity”.   Since   palm   oil   acidity   is   expressed  as   a 

percentage of palmitic acid, it is proposed that the allele 
responsible for high oil acidity be named «Pa» and that 
favoring production of oil with low acidity «pa», in order to 
facilitate interpretation of results obtained (Table 2). 

Plant material used in this study was from DELI «Dura»  



 
 
 
 
families. Given that cultivated oil palm varieties are 
obtained from crosses between DELI «Dura» female 
individuals and LA ME «Pisifera» males, it is necessary 
to further search for and identify recessive homozygous 
individuals for low acidity in the LA ME population. 
Thence, it will be possible and easy to produce hybrids 
with low acidity from homozygous parents. 
 
 
Conclusion  
 
Definitely, in all of the results obtained, offspring are 
homogeneous with high acidity phenotype if at least one 
parent bears this trait. It is homogeneous with low acidity 
if both parents have a genotype producing low acidic oil. 
Heterogeneous offspring are obtained if and only if both 
parents are heterozygous. In addition, results obtained 
from self-pollination progenies were consistent with those 
from intercrossing. 

These results could lead to the conclusion that: the rate 
of oil acidity in palm oil is controlled by a major locus 
which within the analyzed population presents two 
alleles. This study opens up the possibility for breeders to 
select “low acidity” genitors from which improved oil palm 
seeds can be produced and supplied especially to 
smallholders for the production of better quality palm oil 
in terms of acidity. 
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Dairy foods including dairy based drinks play an important role in human nutrition. The flour of the 
passion fruit peel has high potential for use in the enrichment dairy drinks improving the nutritional and 
technological qualities besides an alternative to reduce waste by-products in the food industry. Thus, 
this study aimed to evaluate the physical and chemical parameters, texture, color, chemical 
composition, scanning electron microscopy (SEM), phenolic compounds, antioxidant, viability of lactic 
bacteria and sensory profile of milk drinks added mangaba pulp and passion fruit peel flour of the 
(FPFP). Four milk drinks formulations were processed with concentrations of 5; 10; 15 and 20% 
mangaba pulp and 1% of passion fruit peel flour. The dairy beverages showed results physical and 
chemical, microbiological and sensory consistent with those described in the literature and as 
expected, with a high sensory acceptability of milk drinks with increased by 10% mangaba pulp. 
 
Key words: Color, fermented milk, scanning electron microscopy (SEM), viability. 

 
 
INTRODUCTION 
 
The Brazilian cerrado has a large variety of exotic fruit 
species with potential interest to food industries and 
source of income for local people (Souza et al., 2012). 
Mangaba (Hancornia speciosa Gomes) is one of a fruit 
plant native to Brazil belonging to the Apocinaceas 
family, and found in various regions of the country, from 
the Northeastern coast to the cerrado region of Mid-
Western, Northern and Southeastern Brazil  (Vieira-Neto,  

1994). 
In recent years, there has been an increased 

consumption of fruit-based drinks associated with a 
reduction in the consumption of fresh fruits (Zulueta et al., 
2007). The development of new products such as milk 
drink is among the various forms of use of milk whey from 
the dairy industry (Oliveira, 2006) by including fruit pulp 
and waste. In  this  context,  the  functional  properties  of  
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passion fruit bark have been studied in recent years, 
especially those related to the content of fiber, calcium 
and sodium, with values higher than those of fruit pulp; 
the iron content also stands out, allowing the use of 
passion fruit bark as a source of fiber and minerals 
(Cordova et al., 2005). 

The development of milk drinks flavored with mangaba 
and enriched with passion fruit bark flour can be an 
alternative to add functional value to products and 
become more attractive to consumers. Thus, this study 
aimed to evaluate the physicochemical profile, texture, 
color, scanning electron microscopy, total phenolic 
content, antioxidant activity, viability of lactic acid bacteria 
and sensory profile of milk drinks flavored with mangaba 
and enriched with passion fruit bark flour. 
 
 
MATERIALS AND METHODS 
 
Frozen mangaba pulp (Hancornia speciosa Gomes) was purchased 
and packed in polyethylenetube directly from Jatobá Farm, 
municipality of Caçu, GO, Brazil.with the following geographical 
coordinates 18° 33'S and 51° 08'W. 

A total of 7.2 L of milk were collected obtained from the Dairy 
Cattle Sector of the Instituto Federal Goiano, Rio Verde Campus, 
and transported to the Laboratory of Animal Products for the 
processing of fermented milk drinks. A total of 4.8 L of Mozzarella 
cheese whey was collected from dairy industry in Rio Verde, GO, 
Brazil. The whey were then packed in aseptic packages and 
transported to the laboratory of Animal Products for the processing 
of 12 L of milk drinks.  
 
 
Passion fruit bark flour 
 
For drying of passion fruit bark, 1 kg of previously ground bark was 
used. Drying was carried out by positioning the tray with dimensions 
of 800 mm x 600 mm at the central region of the drying oven with 
air circulating and renewal model MA 035 Marconi® at temperature 
of 60°C and air flow of 7.728 kg / m

2
.s. After drying, passion fruit 

bark flour was obtained by three millings in Diogomaq® 
multipurpose grinder and conditioned at room temperature in low 
density polyethylene bags for later use. 
 
 
Processing of milk drinks 
 
Milk drinks were processed in the ratio of 60% milk + 40% whey (3 
L for each treatment), with the addition of 10% sucrose. 
Subsequently, the mixture was submitted to heat treatment at 90°C 
/ 3 min of pasteurization. After pasteurization, temperature was 
adjusted to 42°C of glass-house with the addition of starter culture 
composed of Lactobacillus acidophilus LA-5®, Bifidobactrium lactis 
Bb-12® and Streptococcus thermophilus were added in the amount 
of 400 mg for each repetition. The milk were subjected to 
fermentation at temperature of 42°C (BOD Quimis® model Q-315) 
to pH 4.5. After milk drink coagulation, BOD temperature was 
reduced to 20°C to break the clot under aseptic conditions with a 
glass rod in circular movement for one minute. Then, 1% passion 
fruit bark flour and various proportion of mangaba pulp: 1 –Milk 
drinkadded of 5% mangaba pulp; Treatment 2 - Milk drink added of 
10% mangaba pulp; Treatment 3 - Milk drink added of 15% 
mangaba pulp and Treatment 4 - Milk drink added of 20% mangaba 
pulp. Milkdrinks were stored in sealed glass bottles under 
refrigeration at 5°C until time of analyses. 
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Physicochemical assessment, color and texture profile  
 
Milk, milk whey and milk drinks were analyzed for pH and titratable 
acidity. pH was measured using digital bench potentiometer - model 
LUCA® - 210P and titratable acidity was determined according to 
Brasil (2006). 

The moisture content of the milk drinks was determined at 105°C 
for a period of 24 h using an oven with forced air circulation as 
proposed by AOAC (1995). The total ash contents were determined 
at 550°C for about 10 h by the total carbonization of the organic 
matter in a muffle furnace (Bravac, M2) as described by AOAC 
(1995). For the crude protein analysis, total nitrogen was 
determined by micro-Kjeldahl method for milk drink treatments 
according to official method No. 960.52 of AOAC International 
(1995). Total nitrogen was converted into crude protein using factor 
6.38 as a. The equipment used was digester block (Tecnal, TE-
0070) and nitrogen distiller (Tecnal, TE-0363). Fat was assessed 
using the Gerber method. 

Evaluations of the antioxidant activity of milk drinks were 
determined according to methodology described by Rufino et al. 
(2007). The total phenolic content present in the ethanolic extract of 
mangaba fruit was determined by spectrophotometry in the visible 
region using the Folin-Ciocalteu method (Sousa et al., 2007). 

Instrumental color parameters (L *, a * and b *) of milk drink and 
passion fruit bark flour samples were analyzed in HunterLab 
colorimeter model Color Flex EZ at the Laboratory of Postharvest of 
Plant Products, Federal Institute of Goiás, Rio Verde Campus, GO, 
Brazil.The L * values (lightness or brightness) ranged from black (0) 
to white (100), and chroma values a * ranged from green (-60) to 
red (+60) and chroma b * values ranged from blue to yellow, that is, 
from -60 to +60, were used to determine the Hue color index (hue 
angle) for milk drink, these parameters were used in calculations to 
determine the Hue color index (hue angle), which defines color 
intensity. Hardness, peak stress, adhesive strength, adhesiveness 
and resilience were determined in Brookield® texturometer model 
CT3, load cell of 25 kg at the Laboratory of Postharvest of Plant 
Products upon compression test at 30%, trigger of 5 g, speed of 1 
mm / s and probe tip TA4 / 100. All analyses were performed each 
seven days of storage for one month in triplicate for each treatment 
with three replicates. 
 
 
Scanning electron microscopy (SEM) 
 
SEM of fruit pulp and milk drinks added of mangaba and enriched 
with passion fruit bark flour was held at the Multi-User Laboratory of 
High Resolution Microscopy, Federal University of Goiás with 
microscope Jeol®, JSM-6610, equipped with EDS, Thermo 
Scientific NSS Spectral Imaging. Samples were previously 
lyophilized (Enterprise II / Terroni®), defatted by extraction in 
Soxhlet method No. 1.122 (IUPAC, 1979) and covered with ultrathin 
gold layer (electrically conductive material), allowing the SEM 
operating principle by emission of electron bundles through a 
tungsten filament. 
 
 
Count of viable lactic acid bacteria and coliforms 
 
Analyses of total coliforms, Escherichia coli (Brasil, 2003) and 
estimation of viable lactic acid bacteria (Silva et al., 1997) were 
performed at the Laboratory of Food Microbiology (IF Goiano) at 
storage times of 1, 8, 15, 22 and 29 days. About 25 g of fermented 
fermented milk were weighed and added to 225 ml of sterile 
peptone water and after homogenization, the solution was diluted to 
concentrations of 10

-1
, 10

-2
, 10

-3
, 10

-4
, 10

-5 
and 10

-6
. 

The enrichment step for total coliform count with differential for E. 
coli used 1 ml aliquots of concentrations of 10

-1
, 10

-2
 and 10

-3
, 

which were transferred into  test  tubes  containing  10 ml  of  Lauryl  



1848          Afr. J. Biotechnol. 
 
 
 
sulfate broth (LST) and incubated at 35°C for 24 h. Then, the 
presence of coliforms was confirmed using Brilliant Green Bile 
Broth (BG) incubated at 35°C for 24 h and in E. coli broth (EC) 
incubated for 24 h in water bath at 45°C. 

The count of lactic acid bacteria was carried out using MRS 
culture medium. About 25 g of milk drink was added to 225 mL of 
0.1% peptone water. After homogenization, the samples were 
serially diluted (10

-1
 to 10

-7
) and 0.1 mL of the liquates from 

appropriate dilution were inoculated into pre-dried MRS Agar 
sterilized petri dish in duplicate. After then the inoculated plates 
were addition of the culture medium (with over layer) and 
solidification, dishes were incubated at 35°C for three days. After 
this period, count of dishes of the same dilution that contained 
between 25 and 250 colonies was performed with the aid of colony 
counter. 
 
 
Sensory analysis 
 
To perform the sensory analysis, the “Development of fermented 
milk drinks flavored with cerrado fruits and enriched with passion 
fruit bark flour” project was submitted to the Ethics Committee on 
Research Involving Human of the Instituto Federal Goiano and was 
approved under protocol No. 020/2013. 

Sensory analysis was performed by 50 untrained panelists; the 
model used for the analysis was the acceptance test for 
comparison of milk drinks enriched with passion fruit bark flour and 
different mangaba pulp concentrations. The sensory evaluation was 
based on scores given by judges through a 9-point hedonic scale, 
where value one represents" disliked extremely" and nine "liked 
extremely", in which flavor, color, aroma, acidity, viscosity and 
appearance of milk drinks were judged. Along with overall 
appearance of the product, purchase intent for each sample was 
also analyzed. Sensory analysis was performed in individual booths 
at the Laboratory of Sensory Analysis, Instituto Federal Goiano, Rio 
Verde Campus, GO, Brazil. The four samples were coded with 
three-digit numbers and delivered under white light in 50 ml white 
cups to each of the panelists. 

 
 
Statistical analysis 
 
The sensory analysis of milk drinks flavored with mangaba and 
enriched with passion fruit bark flour, proximate composition, color 
and texture parameters were evaluated in a fully randomized 
design using analysis of variance and the Tukey test at 5% 
probability and the Statistical SISVAR® software, according to 
Ferreira (2010). 
 
 
RESULTS AND DISCUSSION 
 
Table 1 shows the mean values and standard deviation 
of the physicochemical analysis of milk and whey used in 
the processing of fermented milk drinks. The fat and 
protein content of the milk in percentage in the present 
study were 4.6 and 3.08 respectively. The milk product 
used in this study was showed a titrable acidity of 0.15 
g/100 mL and pH value of 6.72. 

The physicochemical composition values of milk are 
compatible with limits established by Brazilian milk quality 
legislation (Brasil, 2011), with fat and protein values 
above 3.0 and 2.9%, respectively, freezing point below of 
-0.535° H and acidity ranging from 0.14 g of lactic acid / 
100 ml to 0.18 g of lactic acid / 100 ml. 

 
 
 
 
Table 1. pH, fat, protein, titratable acidity of milk drinks flavored with 
mangaba and enriched with passion fruit bark flour expressed in 
Mean ± standard deviation. 
 

Parameter Milk Milk Whey 

Fat (%) 4.60 ±0.00 0.40 ±0.07 

Protein (%) 3.08 ±0.01 2.66 ±0.04 

Acidity (g of lactic acid/100 mL) 0.15 ±0.01 0.11 ±0.00 

pH 6.72 ±0.01 6.44 ±0.01 

 
 
 

Different results were observed by Santos (2011), who 
evaluated milk quality. The authors found compliance 
with legislation regarding fat content; however, protein 
values, freezing point and titratable acidity of pasteurized 
milk were in disagreement with current legislation. The 
average pH value of milk in this study is in agreement 
with the pH results recorded for (6.32 to 6.75) by 
Raimondo et al. (2009). 

The physicochemical parameter recorded for milk whey 
(fat, 0.4%; protein, 2.66%; acidity, 0.11 g of lactic 
acid/100 mL and pH, 6.44) in the present study (Table 1) 
is comparable with physicochemical characteristics 
studied for milk whey by Teixeira and Fonseca (2008).  
The average pH value of milk in this study corroborates 
results by Raimondo et al. (2009) with variations from 
6.32 to 6.75. 

Comparing the physicochemical characteristics of whey 
used for obtaining milk drinks with the study by Teixeira 
and Fonseca (2008), it was possible to verify fat results of 
0.77 and 0.68% protein of 0.84 and 0.80%, freezing point 
of -0.565 and -0.555° H and H°, titratable acidity of 13.17° 
D and 12.49° D and pH 6.19 and 6.3, for mozzarella and 
fresh cheeses, respectively. Thus, the results of this 
study indicated skimming of milk whey and excessive 
loss of casein from cheese mass to whey. Freezing point, 
titratable acidity and pH were similar to values presented 
by Teixeira and Fonseca (2008), and in this study, acidity 
was slightly lower and pH was higher. 

The addition of mangaba pulp increased acidity and 
reduced the pH of milk drinks (Table 2). A similar 
situation was reported by Kempka et al. (2008) and 
Kruger et al. (2008) with increased acidity and decreased 
pH during storage of milk drinks, which was associated to 
the action of L. acidophilus, known for its great capacity 
to produce acid during fermentation. 

Table 2 shows increasing the mangaba pulp 
concentration in the formulation of milk drinks with 
passion fruit bark flour can be related to the study by 
Matta et al. (2012), who found that the medium would be 
enhanced with higher concentration of oatmeal for 
multiplication and production of lactic acid by lactic acid 
bacteria. The titratable acidity values of the milk drink 
formulations were compatible with the range from 0.6 g of 
lactic acid / 100 g to 2.0 g lactic acid / 100 g reported by 
Brasil (2007). Moisture and total solids contents were 
significantly different (p> 0.05) only in milk drink with 20%  
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Table 2. Mean values and standard deviation of titratable acidity and pH of milk 
drinks flavored with mangaba and enriched with passion fruit bark flour. 
 

Mangaba (%) Titratable Acidity (%) pH 

5 0.73 ±0.01
c
 4.12 ±0.01

a
 

10 0.74 ±0.01
bc

 4.12 ±0.01
a
 

15 0.76 ±0.01
ab

 4.02 ±0.01
b
 

20 0.77 ±0.01ª 4.03 ±0.01
b
 

VC (%) 0.99 0.19 
 

Means followed by same letter in the column do not differ significantly according to the 
Tukey test at 5% significance level. 

 
 
 

Table 3. Proximate composition of milk drinks flavored with mangaba and enriched with passion fruit bark flour. 
 

Mangaba (%) Moisture (%) Total Solids (%) Ash (%) Protein (%) Fat (%) 

5 81.23±0.84
a
 18.77±0.84

b
 0.53±0.06

c
 2.93±0.04

a
 1.33±0.27

a
 

10 81.71±0.10
a
 18.29±0.10

b
 0.20±0.01

d
 2.94±0.20

a
 1.53±0.25

a
 

15 80.92±0.77
a
 19.08±0.77

b
 1.50±0.14

b
 2.97±0.13

a
 1.63±0.35

a
 

20 78.65±0.84
b
 21.35±0.84

a
 3.23±0.03

a 
3.09±0.05

a
 1.70±0.20

a
 

VC (%) 0.88 0.88 5.84 4.17 17.37 
 

Means followed by same letter in the column do not differ significantly according to the Tukey test at 5% significance level. 

 
 
 

Table 4. Antioxidant activity and total phenolic content of milk drinks flavored with mangaba and enriched 
with passion fruit bark flour. 
 

Mangaba Pulp (%) Antioxidant activity, EC 50 (g/L) Total phenolic content (mg GAE/100 g) 

5 5922.40 36.00 

10 3950.00 37.00 

15 4285.05 18.00 

20 7507.12 19.00 
 

Means followed by the same letter in column are not significantly different from each other according to the 
Tukey test at 5% significance. 

 
 
 

mangaba pulp, since the gray values differed in all 
treatments due to the influence of different pulp 
concentrations. Similar values were found by Clarice et 
al. (2015). 

Table 3 shows moisture and total solids contents 
differed significantly (p> 0.05) only in milk drink with 20% 
mangaba pulp, since the gray values  significantly 
differed (p> 0.05) in all treatments. Significant differences 
in ash content in all treatments of milk drinks added of 
flour were observed, and this parameter increased with 
increasing FCM concentration, a result that was expected 
because flour has ash content of 9.85 g / 100 g and its 
addition is a factor that significantly contributed to 
increase the ash content of milk drinks. 

The protein levels had no significant difference among 
treatments, but the highest protein content was found in 
the last treatment. This fact can be explained by the high 
protein content of passion fruit bark flour (11.76%) 
observed by Souza et al. (2008) and  the  protein  content 

of 13.86% of FCM found in the present study. Bastiani 
(2009) used 1% flaxseed meal in skimmed yogurt and 
obtained 3.47% protein, value close to that obtained for 
milk drink enriched with passion fruit bark flour. All milk 
drink formulations showed protein content above legal 
standards (1.7%) defined by Normative Instruction No. 16 
of August 2005 of MAPA (Brasil, 2005). 

The fat content showed no significant difference (p 
<0.05) among treatments. Similar values were found by 
Cunha et al. (2008), who found fat content ranging from 
1.43 g / 100 g to 2.01 g / 100 g in a study on the influence 
of the use of cheese whey and probiotic bacteria on the 
properties of fermented milk drinks. In the study by Farias 
and Lima (2006), pasteurized milk drink added of fruit 
(guava) showed fat values of 1.46%. 

Table 4 shows the antioxidant activity was 
demonstrated by EC50, which represents the effective 
concentration to achieve 50% of the antioxidant activity 
estimated at 100%. When the DPPH solution comes  into  
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Table 5. Mean color coordinates of milk drinks flavored with mangaba and enriched with passion fruit bark flour. 
 

Mangaba pulp L* a* b* Chroma ºHue ΔE* 

Control 83.39±0.12
a
 0.64±0.03

d
 20.08±0.12

d
 20.09±0.12

d
 88.18±0.07

a
 --- 

5% 81.48±0.06
b
 1.07±0.01

b
 22.92±0.03

c
 22.95±0.03

c
 87.32±0.01

c
 3.46±0.02

c
 

10% 81.64±0.06
b
 0.90±0.03

c
 23.84±0.20

b
 23.86±0.20

b
 87.85±0.08

b
 4.16±0.16

b
 

15% 80.37±0.03
c
 1.22±0.01

a
 25.77±0.05

a
 25.80±0.05

a
 87.30±0.02

c
 6.47±0.04

a
 

CV (%) 0.09 2.24 0.51 0.51 0.06 1.99 
 

*Means followed by the same letter in column are not significantly different from each other according to the Tukey test at 5% significance. 

 
 
 

Table 6. Means of texture parameters for milk drinks flavored with mangaba and enriched with passion fruit bark flour. 
 

Mangaba pulp Hardness (g) Peak stress (N/m
2
) Adhesive strength (g) Adhesiveness (mJ) Resilience 

Control 49.11±9.49
b
 438.78±85.04

b
 11.56±2.96

c
 0.73±0.27

b
 0.03±0.02

a
 

5% 50.67±5.74
b
 452.78±51.34

b
 13.11±1.45

bc
 0.93±0.34

b
 0.02±0.01

ab
 

10% 54.22±6.51
ab

 484.56±58.19
ab

 15.78±4.41
ab

 1.29±0.61
ab

 0.01±0.01
b
 

15% 62.44±6.84
a
 558.00±61.08

a
 17.56±3.57

a
 1.70±0.75

a
 0.01±0.01

ab
 

VC (%) 13.46 13.48 22.64 45.69 69.02 
 

Means followed by same letter do not significantly differ according to the Tukey test at 5% significance. 

 
 
 
contact with a substance that can donate a hydrogen 
atom, the reduced form of the generated radical is 
accompanied by loss of color, and the greater the 
consumption of DPPH (2,2-diphenyl-1-picrylhydrazyl) by 
a sample, the smaller the EC50 value and the higher its 
antioxidant activity (Ali et al., 2008). 

Milk drinks flavored with mangaba and enriched with 
passion fruit bark flour showed high EC50 values and 
therefore low antioxidant activity. The highest activity was 
found for treatment with 10% mangaba pulp, with EC50 of 
3950.0 g / l, and the lowest activity for treatment with 
20% mangaba pulp, with EC50 of 7507.12 g / l. 

The antioxidant activity is quite variable among food 
products, with different antioxidant power and different 
behavior for each analysis methodology, either by DPPH 
and FRAP, use of different concentrations of extracts, 
making it difficult to compare with literature data (Rocha 
et al., 2013). The content of phenolic compounds was 
expressed by gallic acid equivalent, with results varying 
from 18.00 mg GAE / 100 g for milk drink with 15% 
mangaba pulp to 37.00 mg GAE / 100 g for milk drink 
with 10% mangaba pulp. 

Table 5 shows the brightness coordinate (L *) 
decreased with the addition of higher levels of mangaba 
pulp, in contrast, coordinates a * and b *have increased. 
There is a slight tendency to red due to an increase in a * 
(+), and clear increase of yellow color due to higher b * 
values (+). These coordinates influenced the elevation of 
saturation (Chroma) and the total color difference among 
treatments (ΔE *). This behavior can be attributed to 
higher concentrations of yellow color compounds such as 
carotenoids, present in mangaba pulp. Hue was higher in 

treatment with 5% mangaba pulp, than in the other 
treatments. The findings correspond to the first quadrant 
of the HSV three-dimensional diagram, between 0º (red) 
and 90º (yellow), showing predominance of yellow color 
with slight darkening for milk drinks with higher mangaba 
pulp levels (Kubo et al., 2013). 

Table 6 shows regarding the texture of milk drinks 
enriched with FCM, hardness, stress and adhesiveness 
parameters significantly increased after the addition of 15 
to 20% mangaba pulp concomitant with the decline of 
resilience. 

The hardness, stress and Adhesiveness of milk drinks 
were significantly increased with the addition of 15 and 
20% mangaba pulp (Table 6). This is might be due to 
reorganization of the protein matrix with the addition of a 
higher concentration of polysaccharides and stronger 
molecular bonds. The visual aspect of this treatment is of 
greater viscosity. The interactions between milk proteins 
and polysaccharides have great importance in the 
development of structure and texture in milk products 
(Corredig et al., 2011). But, the addition of 
polysaccharides that do not interact with protein affects 
the rheological and microstructural properties of yoghurt 
(Acero-Lopez et al., 2010). 

In this study, the addition of mangaba pulp levels 
greater than 15% suggests reorganization of the protein 
matrix with the insertion of a higher concentration of 
polysaccharides and stronger molecular bonds, resulting 
in increased hardness, stress and adhesiveness. The 
visual aspect of this treatment is of greater viscosity. The 
action of the starter culture microorganisms was more 
pronounced in milk drinks with the  highest  concentration  
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FIGURE 1 - Electronic scanning micrographs of mangaba pulp at magnifications of (A) 

500X and (B) 2000x. 

 
 

Figure 1. Electronic scanning micrographs of mangaba pulp at magnifications of (A) 500X and (B) 2000x. 

 
 
 
of mangaba pulp and consequently higher contents of 
carbohydrates to be metabolized. The higher lactic acid 
production (Table 2) caused a greater decrease in the 
electric charge of casein micelles and changes in texture. 

Figure 1 shows the scanning electron micrographs of 
mangaba pulp. They show a clear, dense and compacted 
matrix with rough surface, suggesting links between 
polysaccharides and fiber. There are dark rounded 
inserts, possibly corresponding to the position of fat 
globules. Figure 2 shows scanning electron micrographs 
of milk drinks with mangaba pulp concentration of 5, 10, 
15 and 20%. Figure 2 shows in micrographs, lighter 
regions represent matrix composed of proteins, 
polysaccharides and fibers, whereas darker regions 
suggest the apolar phase, with the initial position of fat 
globules. 

In milk drink with 5% mangaba pulp (A), the matrix 
seems to be dense, homogeneous and in continuous 
phase. After the addition of 10% mangaba pulp (B), the 
dense matrix becomes rough. With the addition of 15% of 
mangaba pulp (C), the microstructure is fibrous with 
overlapping particles, similar to micrograph of mangaba 
pulp (Figure 1). Finally, milk drink with 20% mangaba 
pulpshowed granular microstructure. 

The addition of mangaba pulp at levels up to 20% 
shows molecular rearrangement among matrix 
components of milk drinks enriched with FCM, with 
changes in texture, leading to increased hardness, stress 
and adhesiveness. All of the fermented milk samples 
were not showed typical colony of coliforms in this study 
which is in agreement with the study reported by Tebaldi 
(2005). Regarding the count of coliforms, none of the 
samples showed typical colony formation, which results 
are similar to those reported by Tebaldi (2005) in 20 
samples of fermented fermented milks commercialized in 
southern Minas Gerais. 

The counts of viable lactic acid bacteria in the four 
treatments showed satisfactory results, above limits set 
by legislation, which must be at least 10

6
 CFU / g, and 

results show that the initial addition of probiotic bacteria 
was sufficient for obtaining probiotic products because 
values greater than 10

7
 CFU / ml were found. The 

average values found for the count of lactic acid bacteria 
for milk drinks were 1.29 x 10

7
 CFU / mL ± 0.03 for 

treatment with 5% pulp, 1.42 x 10
7
 CFU / ml ± 0.08 for 

treatment with 10% pulp, 1.93 x 10
7
 CFU / ml ± 0.19 for 

treatment with 15% pulp, and 2.14 x 10
7
 CFU / mL ± 0.10 

for treatment with 20% pulp, which are above the 
minimum value of 10

6
 CFU / g of viable lactic acid 

bacteria, as recommended by Normative Instruction No. 
16 of August 23, 2005 (Brasil, 2005). The main function 
of lactic acid bacteria in foods is the acidification of these 
products with the production of organic acids that inhibit 
the growth of undesirable bacteria (Forsythe, 2002). 
Sensory analyses were performed with students, 
teachers and servers of the Federal Institute of Goiás, 
Rio Verde Campus. Overall, 50 untrained panelists were 
used for sensory analysis. The sensorial properties of 
milk drink flavored with mangaba were generally 
considered as acceptable value while the addition of 5 
and 10% mangaba pulp showed the highest average 
values of sensory characteristics. It was observed that 
milk drink flavored with mangaba can be considered as 
sensory acceptable product, and the addition of 5 and 
10% mangaba pulp showed the highest average values 
(Table 7). 

The mean values of milk drinks added of different 
mangaba pulp concentrations were between hedonic 
terms liked slightly (6) and liked moderately (7) for color, 
texture, flavor and aroma attributes. The purchase intent 
test was also performed to complement the sensory 
analysis. This test was applied to the same panelists who  



1852          Afr. J. Biotechnol. 
 
 
 

 

FIGURE 2 - Scanning electronic micrographs at magnification of 2000x of milk drinks 

enriched with FCM and flavored with mangaba pulp at concentrations of: (A) 5%, (B) 

10%, (C) 15% and (D) 20%. 

 
 

Figure 2. Scanning electronic micrographs at magnification of 2000x of milk drinks enriched with FCM and flavored with mangaba 
pulp at concentrations of: (A) 5%, (B) 10%, (C) 15% and (D) 20%. 

 
 
 

Table 7. Means and concordance coefficient among judges (CC) participating in the sensory analysis of milk drink flavored with 
mangaba and enriched with passion fruit bark flour. 
 

Sensory parameter 
Treatment 

VC (%) 
1 2 3 4 

Color 7.00±1.27
a
 7.28±1.12

a
 6.98±1.49

a
 6.62±1.72

a
 20.52 

CC 39.70% 49.40% 33.56% 34.64%  

Aroma 6.86±1.34
a
 6.96±1.37

a
 6.88±1.27

a
 6.70±1.40

a
 19.67 

CC 34.74% 32.15% 36.88% 33.56%  

Flavor 7.14±1.57
a
 6.96±1.75

a
 6.42±1.94

a
 6.22±2.02

a
 27.97 

CC 33.15% 29.41% 22.51% 22.47%  

Acidity 6.94±1.28
a
 6.70±1.40

a
 6.80±1.42

a
 7.04±1.72

a
 22.43 

CC 39.47% 32.77% 36.51% 31.62%  

Viscosity 6.58±1.90
a
 6.60±1.73

a
 6.78±1.53ª 6.32±1.88

a
 27.80 

CC 33.69% 38.31% 30.76% 21.67%  

Appearance 6.58±1.49
a
 6.60±1.50

a
 6.78±1.55ª 6.32±1.61

a
 22.31 

CC 37.12% 35.38% 37.60% 28.64%  
 

Different letters on the line significantly differ by the Tukey test at 5% probability. * Treatment 1 = 5% FCM; Treatment 2 = 10% FCM; 
Treatment 3 = 15% FCM; Treatment 4 = 20% FCM. 



 
 
 
 
performed other tests.  About 18% of untrained panelists 
reported consuming yogurt every day, followed by 52% 
who consumed once a week, 8% who consumed every 
15 days and 22% who consumed once a month. It was 
observed that most panelists consumed yogurt at least 
once a week. It could be observed that for the four milk 
drinks analyzed in this study, panelists (88%) showed 
that they would buy yogurt flavored with mangaba pulp. 
Among non-buyers, a small portion (12%) would not buy 
if it were available in market. According to the global 
acceptance, the results were not significant, but in 
relation to the purchase intent, panelists showed 
preferences. 

Sensory tests are of great importance in assisting the 
industry in developing new products or control them in 
order to achieve greater acceptance by the final 
consumer (Nogueira, 2004). Similar to the results found 
in this study, other authors reported good acceptance of 
products added of mangaba pulp. 

Rocha et al. (2008) evaluated yogurts added of 
mangaba sweet and obtained 6.91 on the FACT scale (I 
would eat it frequently). Garcia and Travassos (2012) 
developed goat milk fermented with umbu sweet and 
found similar values, where the average values of 
parameters evaluated ranged from 6.07 to 7.17. Milk 
drinks flavored with mangaba proved to be an attractive 
product due to their sensory characteristics, showing 
technological potential, especially when related to the 
aspect of adding value to a cerrado product. 
 
 
Conclusion 
 
Milk drink flavored with mangaba and enriched with 
passion fruit bark flour showed physicochemical, 
microbiological and sensory results consistent with those 
described in literature and as expected, had high sensory 
acceptance. 
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