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HIV-1 genetic diversity in sub-Saharan Africa is broad and the AIDS epidemic is driven predominantly 
by recombinants in Central and West Africa. The classification of HIV-1 strains is therefore necessary to 
understand diagnostic efficiency, individual treatment responses as well as options for designing 
vaccines and antiretroviral (ARV) treatment guidelines. More so, accurate subtyping of a partial or full 
genome would represent the population dynamics of HIV and provide evidence for designing 
surveillance strategies within a geographic region. Evaluating the performance of rapid subtyping tools 
with options that incorporate phylogeny could be fast, more user-friendly and of high performance. A 
total of 570 HIV-1 partial sequences from Cameroon, Angola, Democratic Republic of Congo, Gabon and 
Senegal were obtained from the Los Alamos National Library (LANL) HIV Sequence Database. 
Phylogeny was performed using MEGA v6 and the results were used to evaluate the performance of 
eleven different rapid HIV-1 subtyping tools: REGA v2, REGA v3, NCBI, Stanford HIVDB, SUDI, 
Geno2Pheno, Euresist, STAR, jpHMM, COMET and SCUEAL. The performance of these subtyping tools 
differed among HIV-1 clades and across different viral genes. NCBI and SUDI showed the highest 
performance in subtyping. The discordance observed between the rapid subtyping tools and phylogeny 
implies that phylogenetic analysis is still the more suitable method for HIV-1 classification. However, 
the need to update the reference datasets of the subtyping tools, and validate algorithms for rapid 
subtyping and quality control is imperative as this information is relevant for clinical use and policy-
making to the AIDS response.  
 
Key words: HIV, phylogeny, performance, subtyping tools, algorithm. 

 
 
INTRODUCTION 
 
Globally, an estimated 36.9 million people were living 
with human immunodeficiency virus (HIV) at the end of 

2014. About 70% of people living with HIV are in sub-
Saharan Africa; a region with only 12% of the world’s
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population (UNAIDS Global Report, 2014). The genetic 
diversity of HIV continues to increase due to its high 
replication rate (Ho et al., 1995; Michael, 1999), host 
selective pressure (Temin, 1993), recombination events 
in dually infected patients (Op de Coul et al., 1997) and 
the inefficient proofreading capacity of reverse 
transcriptase (MacNeil et al., 2007). Genetic diversity has 
numerous implications at various levels in the health care 
system, notably, diagnosis, rates of disease induction 
and progression, and response to treatment (Henguell et 
al., 2008; Drylewicz et al., 2008). The impact of HIV 
genetic diversity was reported in the initial failure to 
diagnose HIV-1 Group O infections in individuals who 
showed clinical signs and symptoms of AIDS. In terms of 
antiretroviral treatment, HIV-1 Group O and HIV-2 viruses 
are naturally resistant to the non-nucleoside reverse 
transcriptase inhibitors (NNRTIs) (Menéndez-Arias and 
Tözsér, 2008; Carr et al., 2001). Similarly, the efficacy of 
protease inhibitors against HIV-2 is poor (Menéndez-
Arias and Tözsér, 2008; Peeters, 2001). One of the major 
obstacles in the development of an effective vaccine is 
the broad diversity of HIV-1. Subtyping is in particular 
important for subsequent prediction of HIV drug 
resistance. Genetic analysis and classification of HIV-1 
are therefore considered important in understanding the 
dynamics of the virus, the relevance for developing 
diagnostic assays and vaccines, planning treatment 
strategies, and strategies for surveillance and monitoring 
of new viral variants. Riemenschneider et al. (2016) have 
demonstrated that prediction of co-receptor is not 
possible for some subtypes and recombinants with 
existing tools at the moment. Thus, subtyping is very 
important to get reliable predictions and effective 
treatment of the patient (Riemenschneider et al., 2016). 
Africa has the highest HIV-1 genetic diversity and 
remains a suitable geographical region for studies on 
antiretrovirals and vaccine development. HIV-1 Groups 
M, N, O and P (Plantier et al., 2009; Torimiro et al., 2009; 
Ceccarelli et al., 2012), several circulating recombinants 
forms (CRF) and unique recombinant forms (URF) 
(Zhang et al., 2010; Fokam et al., 2011) have been 
identified in Cameroon and in other countries in sub-
Saharan Africa. Its identification and classification are 
therefore public health challenges. 

The global acquired immune deficiency syndrome 
(AIDS) pandemic in different geographic regions is driven 
by different genetic variants, thus, the need for describing 
country HIV epidemiology regularly. In this study we 
compared the performance of eleven rapid subtyping 
tools (designed for specific purposes) to give instant 
classification of HIV-1 partial genome of which some are 

used for the interpretation of drug resistance profile. The 
Stanford HIV Drug Resistance Database (Stanford HIV 
DB) for example provides both classification and 
prediction of antiretroviral resistance while the National 
Center for Biotechnology Information (NCBI) provides 
predictions of the genotypic variants only. However, 
these subtyping tools all utilize algorithms to classify HIV-
1. The AIDS pandemic is evolving into a complex which 
makes classification especially of the partial genome 
challenging. A more accurate and updated molecular 
epidemiology of HIV in a given geographic region or 
country could guide the development of the national 
diagnostic and treatment guidelines.  

 
 
METHODS  
 
Study population 
 
HIV-1 gag, pol and env sequences obtained from five countries in 
sub-Saharan Africa notably, Angola, Cameroon, Democratic 
Republic of Congo (DRC), Gabon and Senegal were downloaded 
from the HIV Sequence Database of the Los Alamos National 
Library (HIV DB LANL) and used for in silico analyses and 
classification. 

 
 
HIV-1 sequence download, trimming and alignment of partial 
HIV-1 gag, pol and env sequences 
 
HIV-1 sequences were downloaded in FASTA format from the HIV 
DB LANL, imported into MEGA v6, trimmed with reference to the 
HXB2 (Genbank Acc No: K03455) genome landmarks.  A total of 
661 full length or partial HIV-1 genome sequences were 
downloaded from Cameroon. After trimming, a total of 39 gag, 66 
pol and 65 env partial sequences were obtained. The gag 
sequences were within 790 to 2292 nucleotides, while the pol and 
env regions were within 2085 to 5096 and 6225 to 8795, 
respectively, on the HXB2 genome landmark. Similarly, 101 HIV-1 
recombinant gag sequences from Angola (12), DRC (25), Gabon 
(25) and Senegal (39) in addition to 216 HIV-1 recombinant pol 
sequences from Angola (42), DRC (27), Gabon (50) and Senegal 
(97) and 83 HIV-1 recombinant env sequences from Angola (0), 
DRC (27), Gabon (22) and Senegal (34) were also obtained. 
Reference sequences CM240 for CRF01_AE, IbNG for CRF02_AG, 
BFP90 for CRF06_cpx, and GR17 for CRF11_cpx, subtypes A and 
B (B.FR.1983.HXB2-LAI-IIIB-BRU.K03455) were downloaded from 
the LANL HIV Sequence Database. Other reference sequences 
were selected by downloading many subtypes and recombinants 
found in the LANL HIV DB from different parts of the world that 
would be representative of all the recombinant forms that drive the 
HIV epidemic in Central and West Africa. A first phylogenetic tree 
was then constructed using these sequences and one or two 
sequences were selected from each cluster and used in the 
phylogenetic tree as reference sequences in identifying other 
sequences of interest. 

Multiple alignments were performed using ClustalW in the
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Table 1. HIV-1 sequences used for phylogenetic analysis for the partial gag, pol and env region sequences from Cameroon, 
Angola, DRC, Gabon and Senegal. 
 

Genomic region 
Country 

Total 
Angola Cameroon DRC Gabon Senegal 

Gag 12 39 25 25 39 140 

Pol 42 66 27 50 97 282 

Env 00 65 27 22 34 148 

Total  54 170 79 97 170 570 

 
 
 
MEGA v6 Software (Tamura et al., 2007). The alignment was 
manually edited and improved where possible with the use of the 
BioEdit v7.1 sequence editing programme (Hall, 2001). 

 
 
Construction of phylogenetic trees for HIV-1 gag, pol and env 
sequences  

 
Neighbor-Joining phylogenetic trees were constructed in MEGA v6 
(Saitou and Nei, 1987) based on the Kimura two parameter model 
(K2P) (Kimura, 1980). The reliability of the branching orders was 
assessed by bootstrap analysis of 1,000 replicates (Thompson et 
al., 1997; Felsenstein, 1985) and bootstrap values >70% were 
considered significant. All positions containing gaps and missing 
data were eliminated from the dataset with the help of the complete 
deletion option within MEGA v6 tool. HIV-1 subtypes were identified 
by phylogenetic analysis of partial gag sequences from Cameroon 
(39), Angola (12), Democratic Republic of Congo (25), Gabon (25) 
and Senegal (39). Pol sequences from Cameroon (66) and 216 
recombinant pol sequences from Angola (42), Democratic Republic 
of Congo (27), Gabon (50) and Senegal (97) together with 148 HIV-
1 partial env sequences from Cameroon (65), DRC (27), Gabon 
(22) and Senegal (34) were also analyzed using recombinant 
reference sequences. There were not enough recombinant env 
sequences from Angola available on the LANL HIV sequence 
database for a robust analysis. Circulating recombinant forms other 
than CRF01_AE and CRF02_AG identified by phylogeny with low 
bootstrap values (˂70%) were further studied to identify 
recombination events using the Recombination Identification 
Programme (RIP). 

 
 
HIV-1 subtyping using rapid subtyping tools  

 
HIV-1 subtyping using eleven online rapid subtyping tools REGA 
v2, REGA v3, NCBI, Stanford HIVDB 6.0.10, SUDI, Gene2pheno 
3.3, EuResist 2009, STAR, jpHMM, COMET version 2 and 
SCUEAL (Yebra et al., 2011; Pineda-Peña et al., 2013) were tested 
using partial gag, pol and env sequences. 

 
 
Statistical analysis  

 
The phylogenetic trees of the gag, pol and env regions were 
constructed and analyzed within MEGA v6 using bootstrap values. 
Recombinants other than CRF01_AE and CRF02_AG and clusters 
with bootstrap values less than 70% were verified using the RIP 
tool. Sensitivity was calculated using the formula (Banoo et al., 
2010): TP/(TP+FN), where TP = true positives and FN = false 
negatives.  

RESULTS 

 
Phylogenetic analysis of the partial HIV-1 gag, pol 
and env sequences 

 
Phylogenetic analysis of the HIV-1 gag sequences 
from Cameroon, Angola, Democratic Republic of 
Congo, Gabon and Senegal 

 
Phylogenetic analysis of 140 HIV-1 gag sequences from 
Cameroon (39) and HIV-1 gag recombinants from Angola 
(12), Democratic Republic of Congo (25), Gabon (25) and 
Senegal (39) was carried out using recombinant 
reference sequences (Table 1). 

Each colour represents a cluster. The scale at the 
bottom indicates 0.05 substitutions/site. Numbers above 
branches indicate the statistical robustness and reliability 
of the branching order, estimated with a total bootstrap 
support of 1000 replicates for each dataset and with a 
cut-off at 700 on a Neighbor-Joining tree. Only bootstrap 
values ≥70 are shown in red dots on the tree. 

 
 
Phylogenetic analysis of the HIV-1 pol sequences 
from Cameroon, Angola, Democratic Republic of 
Congo, Gabon and Senegal 

 
Phylogenetic analysis of 282 HIV-1 pol sequences from 
Cameroon (66), Angola (42), Democratic Republic of 
Congo (27), Gabon (50) and Senegal (97) was 
performed.  

 
 
Phylogenetic analysis of the HIV-1 env sequences 
from Cameroon, Angola, Democratic Republic of 
Congo, Gabon and Senegal 

 
Phylogenetic analysis of 148 env sequences of HIV-1 
recombinants from Cameroon (65), Democratic Republic 
of Congo (27), Gabon (22) and Senegal (34) was carried 
out using recombinant reference sequences. There were 
not enough env sequences from Angola available on the 
LANL HIV sequence database for a robust analysis. 
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Table 2. Performance of 11 rapid subtyping tools for the HIV-1 gag, pol and env sequences from Cameroon, Angola, DRC, Gabon and Senegal. 
 

Country 

Sensitivity (Percentage) 

Rega 2.0 Rega 3.0 NCBI 2009 
Stanford 

6.0.10 
SUDI 

Geno2phe
no 3.3 

EuResist 
2009 

STAR jpHMM COMET 2 SCUEAL 

Gag 

Cameroon (39) 20 (51.3) 29 (74.4) 34 (87.2) NA 37 (94.9) 23 (58.9) 28 (71.8) 28 (71.8) NA 32 (82.1) NA 

Angola (12) 6 (50) 8 (66.7) 12 (100) NA 12 (100) 8 (66.7) 8 (66.7) 5 (41.7) NA 9 (75) NA 

DRC (25) 13 (52) 21 (84) 22 (88) NA 25 (100) 16 (64) 16 (64) 14 (56) NA 18 (72) NA 

Gabon (25) 20 (80) 22 (88) 24 (96) NA 24 (96) 21 (84) 22 (88) 18 (72) NA 20 (80) NA 

Senegal (39) 29 (74.4) 32 (82.1) 37 (94.9) NA 39 (100) 29 (74.4) 27 (69.2) 24 (61.5) NA 25 (64.1) NA 

Subtotal (140) 88 (62.9) 112 (80) 129 (92.1) NA 137 (97.9) 97 (69.3) 101 (72.1) 89 (63.6) NA 86 (61.4) NA 

            

Pol 

Cameroon (66) 26 (39.4) 37 (56.1) 54 (81.8) 25 (37.9) 52 (78.8) 35 (53.01) 36 (54.5) 32 (48.5) 41 (62.1) 49 (74.2) 44 (66.7) 

Angola (42) 25 (59.5) 34 (80.9) 35 (83.3) 28 (66.7) 40 (95.2) 40 (95.2) 22 (52.4) 21 (50.0) 22 (52.4) 34 (80.9) 25 (59.9) 

DRC (27) 11 (40.7) 22 (81.5) 26 (96.3) 16 (59.3) 27 (100) 22 (81.5) 15 (55.6) 14 (51.9) 21 (77.8) 24 (88.9) 22 (81.5) 

Gabon (50) 21 (42.0) 31 (62.0) 50 (100) 36 (72.0) 50 (100) 27 (54.0) 27 (54.0) 24 (48.0) 30 (60.0) 35 (70) 37 (74) 

Senegal (97) 37 (38.1) 63 (64.9) 88 (90.7) 61 (62.9) 93 (95.9) 63 (64.9) 65 (67.0) 43 (48.5) 69 (71.1) 80 (82.5) 72 (74.2) 

Subtotal (282) 120 (42.6) 187 (66.3) 253 (89.7) 166 (58.9) 262 (92.9) 187 (66.3) 165 (58.5) 134 (47.5) 183 (64.9) 222 (78.7) 200 (70.9) 

            

Env 

Cameroon (65) 27 (41.5) 43 (66.2) 54 (83.1) NA 56 (86.2) 36 (55.4) 34 (52.3) 31 (47.7) 49 (75.4) 53 (81.5) 46 (70.8) 

Angola (00) NA NA NA NA NA NA NA NA NA NA NA 

DRC (27) 15 (55.6) 20 (74.1) 25 (82.6) NA 26 (96.3) 18 (66.7) 16 (59.3) 14 (51.9) 20 (70.1) 20 (70.1) 18 (66.7) 

Gabon (22) 16 (72.7) 18 (81.8) 21 (95.5) NA 22 (100) 19 (86.4) 16 (72.7) 17 (77.3) 18 (81.8) 19 (86.4) 18 (81.8) 

Senegal (34) 16 (47.1) 27 (79.4) 33 (97.1) NA 32 (94.1) 22 (64.7) 23 (67.6) 19 (55.9) 25 (73.5) 29 (85.3) 20 (58.8) 

Subtotal (148) 74 (50) 108 (72.9) 133 (89.9) NA 136 (91.9) 95 (64.2) 89 (60.1) 81 (54.7) 112 (75.7) 121 (81.8) 102 (68.9) 

Grand total (570) 282 (49.5) 407 (71.4) 515 (90.3) 166 (58.9) 535 (93.9) 379 (66.5) 355 (62.3) 304 (53.3) 295 (51.8) 429 (75.3) 302 (52.9) 
 

NA, Not applicable. 

 
 
 
Performance of rapid subtyping tools for HIV-1 
gag, pol and env classification 
 
The performance of eleven rapid subtyping tools 
(REGA v2, REGA v3, NCBI, Stanford HIVDB, 
SUDI, Geno2Pheno, EuResist, STAR, jpHMM, 

COMET and SCUEAL) for HIV-1 classification 
differed between sub genomic regions analyzed 
(Table 2). A discrepancy was recorded when the 
rapid subtyping tool assigned no subtype or a 
different HIV-1 subtype or recombinant from 
phylogeny. 

DISCUSSION 
 
HIV/AIDS pandemic is growing in complexity 
(Zhang et al., 2010) by the increasing prevalence 
and spread of CRFs, URFs and other complex 
recombinants. In Cameroon, the AIDS epidemic
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is driven by the genetically diverse recombinants 
(Peeters, 2001; Ceccarelli et al., 2012) with the 
CRF02_AG being most predominant (Torimiro et al., 
2009; Fokam et al., 2011). Such is the case in some 
countries in West and Central Africa and thus the need to 
correctly identify the genetic variants. Phylogeny is often 
considered to be of very high performance in HIV 
subtyping. It could be laborious involving the use of 
multiple software applications as well as well-trained 
personnel. In this regard subtyping tools have been 
developed which are faster and more user-friendly. 

The performance of these subtyping tools depends on 
the composition of the reference dataset and method of 
estimating the relationship between sequences. Most of 
these tools use a high proportion of subtype B variants in 
their reference datasets and therefore not efficient for 
non-B predominant AIDS epidemic. In West and Central 
Africa where the AIDS epidemic is driven by 
recombinants, subtyping tools with a high representation 
of several recombinants are recommended.  For pure 
non-B subtypes, REGA v2 showed a high sensitivity 
though there was no significant difference with REGA v3 
in identifying pure non-B subtypes. NCBI falsely identified 
some pure non-B variants as CRFs, probably due to the 
high representation of CRFs in its database. The 
Stanford HIV Drug Resistance database was unable to 
identify gag and env sequences because it is a database 
built for HIV drug resistance analysis of pol sequences as 
they are targets for antiretroviral drugs. The Stanford 
HIVDB could not identify any CRF other than CRF01_AE 
and CRF02_AG reflecting the lack of sufficient 
sequences of other CRFs in its reference dataset (Yebra 
et al., 2011).  

Apart from identifying CRF01_AE and CRF02_AG, 
REGA v2 could also identify CRF11_cpx and 
CRF25_cpx. The performance of REGA v2 to classify 
other CRFs was poor. REGA v3 however demonstrated 
improved performance (Pineda-Peña et al., 2013) to 
CRFs other than CRF01_AE, CRF02_AG, CRF11_cpx 
and CRF25_cpx. REGA v3 could correctly assign CRFs 
such as CRF14_BG and CRF47_BF. The sensitivity of 
REGA v3 to CRFs almost doubled that of REGA v2 
showing a great improvement in its performance. The 
NCBI and SUDI correctly assigned the majority of the 
CRFs that were available. It is worth noting that NCBI 
showed the best performance in identifying rare CRFs 
and URFs as well as recombinant breakpoints (Figure 1). 
Geno2pheno identified some CRFs as pure subtypes and 
assigned CRF06_cpx as CRF09_cpx. The jpHMM tool 
had more of CRF01_AE in its reference dataset such that 
it identified most CRF02_AG and other CRFs as 
CRF01_AE. The STAR tool uses Z-scoring and an 
accumulated identity difference to assign a particular 
subtype or recombinants and thus wrongly assigning 
recombinants as pure subtypes. 

The   difference   we   observed   in   this  study  on  the 

 
 
 
 
performance of subtyping tools to different HIV-1 variants 
support the fact that specific subtyping tools can be 
developed and used for a particular sub genomic region. 
The reported discrepancies between various rapid 
subtyping tools and phylogeny could be explained by 
differences in both the subtyping method applied and the 
reference sequence dataset (Yebra et al., 2011). HIV-1 
variants were identified by phylogenetic analysis using 
the Neighbor-Joining (NJ) method. Among the rapid 
subtyping tools evaluated, REGA and SUDI were based 
on phylogeny applying NJ method as well. Although 
REGA uses phylogeny combined with bootstrapping, this 
tool has a threshold which prevents the assignment of a 
subtype or CRF when it does not obtain enough 
statistical support. Although SUDI uses phylogeny, its 
performance is restricted because it does not use 
bootstrapping and is unable to better assign subtypes or 
CRFs when bootstrap values are low and with little or no 
support. Its relatively high performance is due to the 
Phylogeny Inference Package (PHYLIP) in-built software 
within its database. NCBI uses a sliding-window along 
the query sequence and each window is compared to the 
references by BLAST (Rozanov et al., 2004). However, 
this sliding-window causes an over-estimation of 
recombination and further magnifies when more 
reference sequences were included. With this method, 
the inclusion of multiple references with shared similarity 
confounded the results. Some CRFs are genetically very 
closely related and difficult to discriminate in the studied 
sub genomic region and thus difficult to obtain reliable 
results with systems based on BLAST analysis. Stanford 
HIVDB, however, had multiple pure subtypes, CRF01_AE 
and CRF02_AG but lacked other CRFs in its reference 
dataset. The jpHMM, COMET and STAR are statistical-
based tools that use position-specific scoring matrices of 
each subtype to perform profile subtype alignments. Of 
note, NCBI, Geno2pheno, Euresist and Stanford HIV DB 
are similarity-based tools while SUDI, REGA v2, REGA 
v3 and SCUEAL are phylogeny based tools.  

Few studies have compared the performance of rapid 
subtyping tools for HIV classification. Following in silico 
analysis of HIV sequences from Spain, Yebra and 
colleagues reported that the efficacy of the seven 
subtyping tools (Stanford HIV DB, Geno2pheno, REGA, 
NCBI, EuResist, STAR and Therapy Edge) which they 
analyzed dropped when identifying recombinants other 
than CRF02_AG. They also reported that only NCBI, 
REGA and STAR tools could identify URFs but with very 
low sensitivity (Yebra et al., 2011). These findings are 
similar to what we report here. These show that the 
current performance of rapid subtying tools depends on 
the prevalence of non-B variants and recombinants in the 
population. In other words, both Yebra and colleagues' 
and our analyses show that geographic-specific HIV 
distribution depends on the tool used for subtyping and 
classification. 
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Figure 1. Neighbor-Joining phylogenetic analysis of 39 HIV-1 gag nucleotide sequences from Cameroon. 

 
 
 

From these results, Stanford HIVDR database for 
example cannot be recommended as the only subtyping 
tool for the interpretation of drug resistance profile. With 

the growing use of rapid subtyping tools in clinical 
studies, there is need to define an algorithm using a 
combination of two or  more  rapid  tools  which  integrate 
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phylogeny, statistical-based and similarity-based 
methods for classification and quality control of results. 
We also recommend that before using the tools for 
routine clinical interpretation and patient care, they 
should be optimized, validated alongside clinical outcome 
and updated periodically to include larger number of pure 
subtypes and CRF sequences in the reference 
databases. To reinforce this, scientists are encouraged to 
submit to the Genbank or any other virus sequence 
databases, the sequences published that could  be 
eventually used for in silico analyses to better understand 
the dynamics and evolution of HIV, a virus with the 
propensity to recombine and mutate to 10

10
 particles daily 

(Perelson et al., 1996). These findings suggest a revision 
of method and composition of datasets of subtyping tools 
for specific clinical and/or epidemiological purposes. 
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This study aimed to evaluate the effect of supplementation of sucralose and fructose on the metabolism 
of adolescent rats. Eighteen male Wistar rats were divided into 3 groups: control group (GC), fructose 
group (GF) treated with 50 mg/kg of fructose, and sucralose group (GS) receiving 50 mg/kg of sucralose 
for 24 days. The weight and feed intake were measured weekly. At the end of the experiment, some 
biochemical parameters, histopathology of the liver and biodistribution of the radiotracer 

99m
Tc-sodium 

phytate in liver and blood were analyzed. The GF showed higher body weight only in the first week 
compared with GS and GC (p<0.05). Histopathology and % ATI/g radiotracer 

99m
Tc-sodium phytate in 

liver and blood were not different between the groups. The GF showed higher values of aspartate 
aminotransferase activity, bilirubin, alkaline phosphatase activity and gamma glutamyl transferase 
activity, compared with the other groups (GC and GS) (p<0.05). Activity of alanine aminotransferase and 
albumin level of GF were higher than GS (p<0.05). For other parameters, no statistical difference was 
observed. It was concluded that the use of fructose during the experiment was able to alter hepatic 
enzymes, but on the other hands, the use of sucralose caused no change.  
 
Key words: Sucralose, fructose, adolescent rats, radiopharmaceutical. 

 
 
INTRODUCTION 
 
Excessive consumption of carbohydrates is responsible 
for metabolic abnormalities in individuals, leading to 
morbidities such as diabetes mellitus (DM), obesity, and 
consequent increase in population mortality. An 

alternative to control plasma glucose and weight gain are 
sweeteners and diets/lights products, created for food 
industry (Castro and Franco, 2002; Hossain et al., 2007; 
Oliveira and Franco, 2010). 
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Sucralose is a non-nutritive and non-caloric sweetener, 
derived from sucrose, with a sweeten potential 600 times 
greater than sucrose (Grice and Goldsmith, 2000). 
Sucralose has qualities that are interesting not only for 
the consumers but also to the food and beverage 
industry. Some of these qualities are: it is very stable at 
high temperatures and low pH; it does not leave an 
aftertaste like many others sweeteners do; it cannot be 
hydrolyzed during the digestion and metabolic processes 
since the carbon-chloro linkage is very stable; it is fairly 
soluble in water and it presents high stability both in 
crystalline and solution forms (Grotz and Munro, 2009; 
Rodero et al., 2009). Fructose is found naturally in fruits 
and honey, but may also be obtained through industrial 
process for the inversion of sucrose. Fructose is widely 
consumed by diabetics, because it does not require 
insulin to enter the cell (Barreiros et al., 2005). 

However, studies show that fructose can cause 
changes in lipid profile and liver abnormalities in humans 
and animals (Bocarsly et al., 2010; Lunardelli et al., 
2004).  

Nuclear medicine is a medical specialty, which goal is 
the use of radioactive materials, named radionuclides, 
radioactive isotopes or radioisotopes for therapeutic and 
diagnostic purposes (Saha, 2010). In nuclear medicine, 
about 95% of radiopharmaceuticals are used for 
diagnostic purposes, while the remaining 5% is used for 
therapeutic treatment, for example, in the treatment of 
radiosensitive tumors. Most diagnostic techniques are 
based on labeling with radioactive molecules to generate 
images (mapping or scintigraphy) of the body where the 
radioactive material is concentrated, using special 
equipment for this purpose. Unlike other imaging 
methods, scintigraphic techniques cannot only evaluate 
the morphological structure of the organ, but also assess 
their physiological function (Owunwanne et al., 1995; 
Saha, 2010). 

The main radionuclide currently used in nuclear 
medicine is technetium-99m, which has physical 
characteristics favorable to the formation of scintillation 
camera images. The radiocolloid sodium phytate labeled 
with technetium-99m (

99m
Tc-sodium phytate) is a 

radiopharmaceutical that has been widely used to study 
the liver and spleen, since its introduction in 1973.  
Biodistribution to the liver and bone marrow has shown 
good correlation with the severity of liver diseases such 
as cirrhosis and fibrosis of the organs and its prognosis. 
Thus, quantification of the uptake of 

99m
Tc-sodium 

phytate serves as an excellent index of liver function 
(Groshar et al., 2002; Pereira et al., 2008). 

Although, the use of radiopharmaceuticals in nuclear 
medicine occurs on a large scale for many years, several 
problems    related     to     the     interaction     of     these 

  
 
 
 
radiopharmaceuticals in the body have been observed as 
a change in the normal biodistribution of these 
radiopharmaceuticals. There are many factors, both 
external and internal to the body, that may affect the 
normal biodistribution of radiopharmaceuticals, such as 
surgical procedures, pathophysiological mechanisms, 
radiation, infections, smoking (tobacco), use of natural or 
synthetic drugs and some foods, and nutritional 
conditions (Barbosa et al., 2009; Bernardo-Filho et al., 
2005; Cekic et al., 2011; Holanda et al., 2014; Passos et 
al., 2002; Valença et al., 2005; Vallabhajosula et al., 
2010). Rocha et al. (2011), demonstrated that sucralose 
in different concentrations can change biodistribution of 
radiopharmaceuticals as sodium pertechnetate in kidney 
and 

99m
Tc-DTPA in various organs such as pancreas, 

stomach, spleen, muscle, and thyroid. 
It is important that health professionals recognize these 

factors and understand the mechanisms by which they 
alter the biodistribution of radiopharmaceuticals, not to 
compromise the interpretation of imaging studies. Due to 
the large number of patients and even normal individuals 
who make continuous use of sucralose and fructose, the 
aim of this study was to investigate possible toxic and 
metabolic effects of these sweeteners evaluating its 
interference on the biodistribution of the 
radiopharmaceutical 

99m
Tc-sodium phytate in the liver and 

blood as well as in laboratory parameters and 
histopathology of rats.  
 
 
MATERIALS AND METHODS 
 
Animals and diet 
 
Eighteen male Wistar rats of five weeks old were kept in metabolic 
cages under controlled temperature of 23 ± 1°C and light/dark cycle 
12/12 h. The rats were divided into 3 groups: control group (GC), 
which was treated with distilled water; the fructose group (GF) 
treated with 50 mg/kg of fructose (Doce Menor® - WOW Nutrition); 
and sucralose group (GS) 50 mg/kg of sucralose (Finn® - 
Boehringer de Angeli Quim. Farm). All groups received 
supplementation addition, standard chow (Essence - Purina) and 
water ad libitum. Supplementation with sweetening was performed 
once a day by gavage and was administered 2 ml/100 g/day for 24 
days. The feed intake and body weight gain were measured 
weekly. The research followed the experimental protocol according 
to the ethical guidelines of the National Institutes of Health 
(Bethesda, USA), with respect to animal care and protocol was 
approved by the Ethics Committee on Animal Use (CEUA n °  
1 2 8 - 2 0 1 3 ) of the Federal University of Campina Grande. 
 
 
Biodistribution of 99mTc-sodium phytate  
 
On the last day of treatment, all animals were anesthetized with 
xylazine (20 mg/kg) and ketamine (50 mg/kg) by intramuscular via 
and all groups received 0.1 ml of  99mTc-sodium  phytate  (0.66 MBq 
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Figure 1. Weekly weight gain of the rats treated with fructose (GF) n = 6 and 
sucralose (GS) n = 6, compared with the control group (GC) n = 6, receiving 
distilled water. Data expressed as mean ± SD (One-way ANOVA, Holm-Sidak). 
*=p<0.05. 

 
 
 
of radioactivity) by tail vein. The technetium-99m was eluted from a 
99Mo/99mTc generator produced by the Institute of Energy and 
Nuclear Research, São Paulo/Brazil and the kits sodium phytate 
were kindly donated by the Liga Norteriograndense Contra o 
Câncer, Natal/RN. Forty minutes after the injection of the 
radiopharmaceutical, whole blood samples were taken by cardiac 
puncture of all animals, with heparinized syringes, and were placed 
in tubes for subsequent biochemical analysis and in racks for 
counting of radioactivity. Liver small samples from the same liver 
lobe from each animal were washed in 0.9% saline, weighed on a 
precision scale and the percentage of radioactivity per gram of 
tissue (%ATI/g) was determined in an automatic gamma counter 
(Wizard™ Perkin-Elmer, Finland), with automatic correction 
radiation decline. The percentage of total radioactivity injected 
organ gram (% ATI/g) of each organ was calculated by dividing the 
activity/g tissue to the total activity administered to each animal. 
 
 
Biochemical and histopathological analysis 
 
A liver tissue fragment was fixed for 24 h in 10% buffered formalin 
for histopathological analysis. After fixing, the material was 
dehydrated in an increasing alcoholic series, diaphanized in xylene, 
soaked and immersed in paraffin. The fragment had 5 μm of 
thickness and was stained with hematoxylin and eosin (HE). Blood 
samples obtained from the animals were used for biochemical 
analysis of alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), alkaline phosphatase, gamma glutamyl 
transferase (γGT), total bilirubin, direct and indirect bilirubin, total 
cholesterol and fractions (LDL and HDL), triglycerides and total 
protein, and fractions (albumin and globulin), using the biochemical 
autoanalyzer Konelab 60i (Weiner test kit, São Paulo, Brazil). 

 
 
Statistical analysis 

 
All data are presented as mean ± standard deviation (SD). The 
body weight gain and food consumption, % ATI/g and biochemical 
analysis were compared by one-way ANOVA test, Holm-Sidak 
considering p<0.05 as statistically significant. Sigma Start  Program 

was used for the data analysis. 
 
 
RESULTS  
 
Weight gain and food consumption 
 
There was no significant difference in the initial body 
weight of the animals distributed in three groups: GC 
(125.86 ± 5.18); GF (128.00 ± 7.04); GS (122.86 ± 
11.36). Data are expressed as mean and SD. The weekly 
gain of body weight of the experimental groups is as 
shown in Figure 1. The fructose group showed a 
statistically significant difference in the first week, 
compared to the control group and sucralose group (p 
<0.05).  

No statistical differences (p>0.05) were observed in 
feed intake of young rats with fructose sweeteners (GF) 
and sucralose (GS) compared with the control group 
(GC) (Figure 2). 

 
 
Biodistribution of 

99m
Tc-sodium phytate 

 
Table 1 shows the radioactivity per gram of tissue (% 
ATI/g) of 

99m
Tc - sodium phytate in the blood and liver of 

animals treated with fructose, sucralose and distilled 
water. There was no significant difference in the 
biodistribution of radioactivity in the studied organs.  

 
 
Biochemical and histopathological analysis  
 
As shown in Table 2,  the  animals  treated  with  fructose  
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Figure 2. Weekly feed consumption of young rats treated with fructose (GF), 
sucralose (GS) and distilled water (GC). Data expressed as mean ± SD (One-way 
ANOVA, Holm-Sidak). 

 
 
 

Table 1. Biodistribution of the radiotracer in the liver and blood of rats treated with different kinds of 
sweeteners. 
 

Organ Control (%ATI g) Fructose (%ATI g) Sucralose (%ATI g) 

Liver 2.72±1.71 2.36±1.59 2.18±1.38 

Blood 0.06±0.03 0.06±0.04 0.08±0.02 
 

Results expressed as Mean ± SD; n = 6 per group (One-way ANOVA, Holm-Sidak); p> 0.05. 
 
 
 

Table 2. Biochemical analysis of blood of rats treated with different sweeteners during 24 days. 
 

Biochemical parameter 
Groups 

Control Fructose Sucralose 

Total Bilirubin (mg/dl) 0.20±0.12 0.38±0.13 0.20±0.00 

Direct Bilirubin (mg/dl) 0.05±0.06 0.03±0.00 0.08±0.04 

AST (U/L) 43.25±3.20 268.00±54.04*
#
 60.00±55.74 

ALT (U/L) 52.20±8.41 71.00±9.87
#
 47.00±14.31 

Bilirubin Indirect (mg/dl) 0.15±0.06 0.35±0.13*
#
 0.12±0.04 

Total Protein (g/dl) 6.63±0.44 6.56±0.33 6.34±0.74 

Albumin (g/dl) 4.27±0.15 4.76±0.22
#
 4.06±0.62 

Globulin (g/dl) 2.17±0.61 1.80±0.20 2.27±0.47 

Total cholesterol (mg/dl) 78.00±13.30 64.80±8.53 73.29±12.80 

HDL cholesterol  (mg/dl) 53.17±8.57 39.00±6.04 54.43±11.40 

LDL cholesterol  (mg/dl) 11.67±10.94 15.00±2.83 12.73±12.59 

Triglycerides  (mg/dl) 62.33±19.55 45.00±13.47 54.71±18.02 

Alkaline phosphatase (U/L) 212.50±73.20 775.20±177.01*
#
 323.14±28.02 

γGT (U/L) 1.68±0.36 8.25±2.06*
#
 2.04±0.23 

 

Results expressed as Mean ± SD; n=7 (One-way ANOVA, Holm-Sidak). AST: Aspartate aminotransferase; 
ALT: alanine aminotransferase; γGT: gamma glutamyl transferase; *Versus control group-GC; 

#
Versus 

sucralose group-GS. 
 
 
 

(GF) had higher AST, bilirubin indirect, alkaline 
phosphatase, and γGT, compared with the other groups 

(GC and GS) (P<0.05). Albumin and ALT enzyme of 
fructose group, when compared with the GS (p=0.039),  



Queiroz et al.          2805 
 
 
 

 
 

Figure 3.  Histological section of the liver of the animals of the control group (A), fructose group (B) and sucralose group (C). 

 
 
 
also showed significant statistical difference. There was 
no significant statistical difference in the biochemical 
parameters among the groups.  

Figure 3 illustrates the histology of the liver of the 
control group (A) and the groups treated with fructose (B) 
and sucralose (C). In all three groups there was a healthy 
liver tissue characterized by cordonal arrangement of 
hepatocytes distributed radially from the periphery to the 
center of the lobe. No histologic changes were observed 
in groups. 
 
 
DISCUSSION 
 
This study dealt with adolescent rats with fructose and 
sucralose for three weeks and observed their effects on 
food intake and weight gain, the biodistribution of the 
radiopharmaceutical 

99m
Tc-sodium phytate in the liver and 

blood, biochemical, and histopathological parameters. 
The results showed that this treatment does not alter 

the body weight, the only exception was the fructose 
group (GF), which showed greater weight gain in the first 
week, the biodistribution of the radiopharmaceutical in the 
liver and blood, as well as histopathology. However, 
significant increase of AST, ALT, alkaline phosphatase, 
γGT, bilirubin and indirect bilirubin (p<0.05) was observed 
in the GF. Although, the hepatic enzymes are altered in 
the fructose group; these damages were not able to alter 
the biodistribution of the radiopharmaceutical, as well as 
sucralose group also demonstrated no change. 

It was observed that GF had an increase in weight gain 
in the first week of the experiment compared to the other 
groups. This increase in weight gain could be observed 
even with food intake and it was unchanged in GS and 
GC. Based on these data, it was concluded that the 
sweetener was responsible for this increase in weight 
gain and food intake did not. These data corroborate the 
studies by Sylvetsky et al. (2011), who demonstrated a 
positive association between the consumption of artificial 
sweeteners and weight gain in children. 

In  the  present  study,  there  was  no  changes  in   the 

biodistribution of the radiopharmaceutical 
99m

Tc-sodium 
phytate, which confirms the study made by Rocha et al. 
(2008) that treated rats with different concentrations of 
sucralose and also did not find any change in the 
morphology of red blood cells and on the biodistribution 
when administered sodium pertechnetate in organs and 
tissues (Rocha et al.. 2008). Rocha et al. (2008) used 
rats at 8 weeks and feed them with sweeteners for 8 
days, whereas in the present study, adolescent rats were 
treated for 24 days and this long period of exposure of 
sucralose did not alter the biodistribution of the 
radiopharmaceutical. Grice and Goldsmith (2000) 
showed that after intravenous administration of sucralose 
in rats, it was essentially eliminated of all tissues at 
approximately 6 h, possibly indicating lack of toxicity. 

Roberts et al. (2000) examined the excretion of 
sucralose in humans and found that it is the major 
component in urine. This feature of this sweetener can 
justify the lack of interference with the biodistribution of 
the radiopharmaceutical. In this study, fructose was also 
not able to change this biodistribution. This result is 
consistent with the results obtained by Holanda et al. 
(2014), who investigated the biodistribution of 

99m
Tc- 

sodium phytate in the liver, spleen and blood of rats fed 
food rich in fructose (soursop) and observed no change 
in their uptake. 

Radiopharmaceuticals have a specific distribution 
and/or elimination patterns when administered. The 
presence of some biochemical or physiopathological 
changes can cause alteration on the biodistribution of the 
radiopharmaceutical and a normal disposal. This change 
in the biological behavior of the radiopharmaceutical is 
used in the diagnosis of diseases and knowledge of 
toxicity of substances due to interactions. In addition, it is 
possible to observe changes in the biodistribution due to 
the use of natural and synthetic products (Owunwanne et 
al., 1995). Thus, we saw the importance of using this 
method to assess whether sweeteners being studied are 
capable of causing the described changes. 

As regards the changes in hepatic enzymes caused by 
consumption  of  fructose,  they  resemble  the   study   in 
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which animals were fed with a diet rich in fructose (30%) 
and with a copper deficiency. The authors attribute this 
result, possibly inhibition of carnitine palmitoyl-
transferase I enzyme (CPTI) involved in the beta 
oxidation, which leads to an accumulation of fatty acids in 
the liver and induces liver damage (Song et al., 2012). In 
a study by Holanda et al. (2014), it was observed that the 
use of Annona muricata extract (soursop) (25 
mg/kg/day), which is a rich source of fructose, did not 
significantly alter the levels of AST and ALT. The 
changes in hepatic enzymes (AST and ALT) caused by 
consumption of fructose in studies by Song et al. (2012) 
were due to different concentrations of the A. muricata 
extract and high dose used by the authors (50 
mg/kg/day).  

The effects of diet rich in fructose in the liver are well 
known, and their use in experimental models, with the 
purpose of causing obesity and fatty liver is increasingly 
common. Bigoniya et al. (2012) observed that rats fed 
fructose had their weight and plasma lipids increased 
compared to the control group. Similar results were found 
by Bocarsly et al. (2010), who reported greater weight 
gain, abdominal fat and increased triglycerides. In 
another study, rats treated with diet rich in fructose, 
showed high liver steatosis, which is decreased when 
fructose was accompanied with resveratrol (Kopec et al., 
2013). In the present study, it was not observed in GF 
group changes in triglycerides, LDL-cholesterol, HDL-
cholesterol, and total cholesterol. 

According to the histopathological analysis, which can 
identify possible toxicity of products used in research, no 
change was observed in the different groups. In mice fed 
with diet rich in fructose, this result was different, since 
fatty liver was found in the group fed with this sweetener, 
a result not found in the control group (fructose free) 
(Kopec et al., 2013). 

Children and adolescents are major consumers of 
beverages containing added sugars. This consumption is 
positively associated with increased energy intake and is 
thought to be a significant contribution to the rapid 
increase in global obesity (Drewnowski and Bellisle, 
2007). The choice of rats with five weeks for the 
experiment was because at that age the rats are weaned 
but not yet an adult, corresponding to adolescence 
(Sengupta, 2013). 

Alternatively, to control excess carbohydrate 
sweeteners are used. Its use allows a marked reduction 
in the consumption of sugar and a significant decrease in 
calorie intake while maintaining the desirable palatability 
of food and non-alcoholic beverages (Vences-Mejia et al., 
2006). So, the consumption of artificial sweeteners by 
children and adolescents is still little studied, and its 
adverse effects are not well known.  
 
 

Conclusion 
 
Artificial   and   natural   sweeteners  require    a    lot    of 

 
 
 
 
responsibility and study, since they are more and more 
present in the diet of people and determine which product 
brings more benefit. Fructose is known for its fatty and 
obesogenic effect, but these health risks should be 
determined through rigorous research and long-term and 
consider quantities typically ingested by people and not 
overestimated doses. 

Based on the data obtained in this study, the amount of 
fructose used, probably, was not able to alter the 
biodistribution of radiopharmaceuticals, histopathological 
parameters and body changes were not lasting. But as 
liver enzymes were altered, investigations to assess liver 
damage for a longer period should be conducted. 
Sucralose showed no toxicity and no other harmful 
effects to the body in the investigated parameters in this 
study. 
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The present study was carried out to evaluate the effects of chitosan-based edible coatings with lemon 
grass extract on the physical properties and overall acceptability of cucumber fruits stored at ambient 
temperature (28 ± 2°C) and 85 to 90% relative humidity for 14 days. Blends of chitosan (C) and lemon 
grass extract (E) were formulated as 0.5% C + 0.5% E, 0.5% C + 1% E, 1% C + 0.5% E and 1% C + 1% E. 
Fresh cucumber fruits were treated with the blends, while the untreated cucumber was used as the 
control. Physical quality parameters (weight loss, fruit firmness, colour using chromameter, and 
diameter) of the fruits were assessed on weekly basis during storage. The fruits were subjected to 
sensory evaluation after 14 days of storage using 20 member preference panel. After 14 days, weight 
loss was 1% for cucumber fruits treated with 1.0% C + 1.0% E, and 4% for control untreated fruits. No 
significant difference (P < 0.05) was observed in the firmness of all the treated cucumber fruits after 14 
days, while the untreated significantly reduced by 4%. External colour analysis of L*a*b* parameters 
showed no significant change in L* (lightness) and a* (green to red) with the storage time (14 days) in 
treated fruits. However, values of b* (blue to yellow) changed significantly (p< 0.05) after 14 days in 
untreated control cucumber fruits.  All fruits significantly decreased in diameter with days of storage; 
except for 1.0% C + 1.0% E treated cucumber fruits, which showed no further decrease after 7 days of 
storage.  No significant difference was observed in the taste, pulp and peel colour, texture, flavour as 
well as the overall acceptability of stored cucumber fruits but the control sample was rated higher in 
overall acceptability. In this study, the combination of chitosan and lemon grass extract, especially 
1.0% C +1.0% E as an edible coating, has proved to have great potential to preserve the physical 
characteristics of cucumber fruits at ambient temperature 28 ± 2°C peculiar to tropical countries. This 
combination gave better physical parameter results.  
 
Key words: Edible coatings, cucumber, lemon grass extract, chitosan, physical properties, overall acceptability. 

 
 
INTRODUCTION 
 
The problem of postharvest losses of fruits in the tropics 
is of great concern to farmers, fruit-traders and 
consumers. In some African, Caribbean and Pacific ACP 
countries, where tropical weather  and  poorly  developed 

infrastructure contribute to the problem, wastage can 
regularly be as high as 40 to 50% (SPORE, 2011). 
Factors responsible for postharvest losses especially in 
the tropics are decay, mechanical damage,  physiological  

 

 

 



 
 
 
 
disorders, action of fruit flies, during harvest, storage and 
transport.  The use of controlled atmosphere storage and 
modified atmosphere storage in reducing the postharvest 
losses were in practice until the introduction of edible 
coating. The use of edible coatings is on the increase 
owing to their safety regarding consumption and their 
environmentally friendly nature in terms of application. 
The system by which edible coatings extend the shelf life 
of  fruits and vegetables is  through the establishment of 
a modified atmosphere around the product, which serves 
as a partial barrier to O2 and CO2, water vapor and 
aromatic compounds, decreasing the respiration rate of 
the fruit and water loss and preserving texture and flavor 
(Olivas and Barbosa - Canovas, 2005). Presently, 
examples of coating materials in use are polysaccharides 
such as cellulose derivatives, starch, chitin, and gums, 
proteins which include soya protein, milk, gelatin, corn, 
zein, and wheat gluten; and lipids such as oils, waxes, 
and resins (Ramos-García et al., 2010).   

Chitosan, a polysaccharide which composed of β-(1-4)-
D-glucosamine and β-(1-4)-N-acetyl-D-glucosamine, is 
obtained by alkaline deacetylation of chitin. The chemical 
structure of chitosan is close to that of cellulose and it 
protects perishable foods from deterioration by reducing 
dehydration, respiration, and maintaining the textural 
quality (No et al., 2007). Previous researches had shown 
that application of chitosan coating improved the 
storability of several perishable fruits, such as strawberry, 
tomato, litchi, longan (Jiang and Li, 2001, Gonzalez-
Aguilar et al., 2010). Chitosan has wide range of 
applications in various fields, like waste management, 
food processing, nanotechnology, medicine and 
biotechnology. Its application in pharmaceutical industry 
is due to its low toxicity, biodegradability and 
biocompatibility (Shiekh et al., 2013). It is a natural 
polycation compound with antifungal activity (Liu et al., 
2007), capable of inducing host resistance to pathogens 
(Trotel-Aziz et al., 2006). Its ability to create a semi-
permeable film on fruit surface (Bautista-Banos et al., 
2006) has made it to be a natural potential fungicide in 
postharvest storage.  The biological activity of chitosan is 
influenced by its molecular weight, degree of 
deacetylation and derivatisation, such as degree of 
substitution, length, and position of a substitute in 
glucosamine units of chitosan, pH of chitosan solution 
and the target organisms. 

The use of edible coatings in conjunction with low 
temperature storage has been reported to be a promising 
approach to minimize storage problems and to preserve 
the freshness of fruits and vegetables, especially 
tomatoes (Gonzalez-Aguilar et al., 2010). This might not 
be practicable in developing countries where there is 
epileptic electrical or power  supply.  Plant  extracts  have  
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been reported to have antimicrobial properties and could 
inhibit spore formation, mycelia growth (Bautista-Baños 
et al., 2000). Cymbopogon citratus (Lemon grass) is a 
monocotyledonous aromatic perennial plant (Inouye et 
al., 2000), commonly planted in backyard gardens in 
Nigeria. Phytochemical investigation by Asaolu et al. 
(2009) revealed the presence of alkanoids, saponins, 
flavonoids, tannins, anthraquinones, steroids and phenols 
in Lemon grass extract.  Extracts of its leaves are used in 
traditional medicine as antimicrobial, anti-inflammatory 
and sedative. The leaf essential oil is used in the food, 
perfumery, soap, cosmetic, pharmaceutical and 
insecticide industries. However, the combined effect of 
chitosan and plant extracts might be a useful postharvest 
technique in extending the shelf-life and preserving the 
qualities of fruits and vegetables in the developing 
countries.  

Cucumber fruit (Cucumis sativus L) are cultivated in 
subtropical and tropical environments and are therefore 
native to many countries of the world (Gross et al., 2014).   
The consumption of fresh cucumber fruit provides a 
range of health benefits including valuable antioxidant, 
anti-inflammatory, and anti-cancer benefits (Mukherjee et 
al., 2013). The worldwide production of cucumber was 65 
million tonnes in 2012, grown in an area of 2,109,650 ha 
(FAOSTAT, 2013). Cucumber is a highly perishable crop 
and the environmental conditions under which cucumber 
is produced, transported and displayed have a 
noteworthy effect on its keeping quality and loss 
(Cortbaoui and Ngadi, 2015). In most Sub - Saharan 
countries such as Nigeria, cucumber fruits are often kept 
and displayed on the shelves in market places, resulting 
in degreening, and other physiological deterioration 
associated with alterations in the nutritive values and 
quality parameters.  

This study was undertaken to investigate the 
applicability of combined formulation of chitosan and 
ethanolic extract of lemon grass at varied concentration 
on the physical properties and overall acceptability of 
cucumber fruits stored at ambient temperature, as this 
will assist local stores in keeping cucumber fruits in good 
condition before sale.  
 
 

MATERIALS AND METHODS 
 
Immature cucumber (Cucumis sativus L.) fruits were harvested in 
June, 2015, from the Teaching and Research Farm of The Federal 
University Technology, Akure, Nigeria. The fresh fruits were 
handpicked for uniformity in size and shape, and absence of 
external injury. These were washed with chlorinated water (0.05% 
NaOCl), rinsed with distilled water and allowed to air dry (Ali et al., 
2015).  

Fresh leaves of lemon grass were also harvested within the staff 
quarters of The Federal University Technology, Akure, Nigeria. 
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Chitosan, 90% deacetylation degree, low molecular weight was 
obtained from BioChemika, Sigma-Aldrich, Steinham, Switzerland, 
Tween 80 were obtained from Acros Organics (Belgium); ethanol 
absolute from Chem-lab NV (Belgium). All other reagents were of 
analytical grade. 
 
 
Production of lemon grass extract 
 
The lemon grass extract (E) was produced as described by Uzama 
(2009).  Leaves were washed and air dried in the laboratory for two 
weeks, they were grounded using an Excella mixer grinder and 
sieved with a mesh of size 0.5 mm.  Fifty grammes of the powdered 
leaves (50 g) was placed in a 500 ml conical flask, 250 ml of 
ethanol was added and stirred vigorously using a magnetic stirrer. 
This was allowed to stand for 36 h after which it was filtered. The 
extract was concentrated using a rotary evaporator to 50 ml, cooled 
and stored in McCartney bottles at 4°C until use.  
 
 
Production of chitosan solution 
 
Chitosan (C) solutions of concentrations 0.5% and 1.0% (w/v) were 
prepared. For 0.5% chitosan solution, 5 g of chitosan was dissolved 
in 1 L of distilled water (60°C) containing 10 ml of glacial acetic acid 
with the aid of magnetic stirrer for 5 h, while for 1.0% chitosan 
solution, 10 g of chitosan was dissolved in 1 L of distilled water 
(60°C) containing 10 ml of glacial acetic acid with the aid of 
magnetic stirrer for 5 h. The pH of the solution was adjusted to 5.6 
to 5.9, by 1 N NaOH as described by Ali et al. (2015).  
 
 
Preparation and application of chitosan - lemon grass extract 
coating 
 
Chitosan - lemon grass extract coating were formed from the blends 
of C and E by blending 0.5% C and 0.5% E; 0.5% C and 1.0% E; 
1.0% C and 0.5% E; 1.0% C and 1.0% E.  Previously cleaned and 
chlorinated (0.05%) washed cucumber fruits were dipped for 5 min 
into the respective coatings, after which they were air dried for 2 h 
at room temperature. They were stored on shelves at ambient room 
temperature of 28 ± 2°C and 85 to 90% relative humidity for 14 
days, during which quality parameters were analyzed.  
 
 
Physical properties of cucumber in storage 
 
Weight loss of cucumber in storage 
 
Cucumber fruits were weighed using a mechanical weighing scale 
(CAMRY; SQ; China)   at the beginning of the experiment (Wi) and 
at every 7 days during storage till the end of the storage period 
(Wf). The results were expressed as the percentage loss of initial 
weight.   
 

              
               (  )              (  )

               (  )
                  (1)               

 
                                                
Firmness of cucumber in storage 
 

The fruits firmness was measured at the equatorial region using an 
Instron-Universal Testing Machine (Model 4411, Instron, 
Massachusetts, USA). A plunger with diameter of 6 mm was used 
to puncture the fruits tissues to a depth of 5 mm for the 
determination of firmness at a crosshead speed of 150 mm/min 
using a 50 N load cell. Three fruits per replication, each punctured 
on both sides, were subjected to firmness testing. 

 
 
 
 
Colour of cucumber in storage   
 
The colour of fruits was evaluated on the storage shelves using 
Chromameter (Model WSC-S, Shanghai Precision and Scientific 
Instrument Co., Ltd., Shanghai, China). L* value (lightness), a* 
value (greenness), and b* value (yellowness) of the cucumber 
samples were recorded. Measurements were taken on four 
samples and the average of L*, a*, and b* values were recorded.    
 
 
Diameter of cucumber in storage 
 
The diameter was measured using a digital Vernier caliper (Model 
TESA 1p65- Range 0-150 mm ± 0.01 mm, Swiss).   
 
 
Chemical properties of cucumber in storage 
 
Titratable acidity of cucumber in storage 
 
 Titratable acidity was determined using 942.15 AOAC methods 
(AOAC, 2005).  Ten grams (10 g) of each treated cucumber was 
homogenized using a kitchen blender with 100 ml of distilled water. 
The mixture was filtered through a filter paper and 10 ml of the 
filtrate was pipetted and titrated against 0.1 mol L-1 NaOH to 
phenolphthalein end-point. Results were expressed as % (grams of 
citric acid equivalent per100 g of cucumber). 
 
 
Soluble solids (SS) of cucumber in storage 
 
Soluble solid content (°Brix) of homogenized fruits was determined 
using a hand refractometer (Reichert, Scientific Instruments, 
China).  
 
 
Sensory evaluation and overall acceptability of cucumber after 
storage 
 
Fruits were subjected to sensory evaluation after 14 days of 
storage.  Preferences for external and internal fruits appearance, 
edible quality, and overall fruit preference were recorded for each of 
the grouped cucumber (treated and untreated) by an untrained, 20-
member preference panel. The panelists were randomly selected 
from staff and students of the University community.  A nine (9) 
point hedonic scale was used to rate taste, peel colour, texture and 
flavour and overall fruits preference. The scale was labeled from 1 
to 9 where 1 represents dislike extremely and 9 represent like 
extremely.  
 
 
Statistical analyses  
 
Data were statistically analysed using one - way Analysis of 
variance (ANOVA) and Tukey post-hoc at a pre-set significance 
level of 0.05. All statistical analysis was done using computer 
program (SAS, version 8.0, SAS Institute, Cary, NC, USA). 
 
 
RESULTS AND DISCUSSION 
 
Weight loss of cucumber fruits 
 
Figure 1 revealed a significant difference (p<0.05) in the 
weight loss of treated and control cucumber fruits in 
storage. Cucumber fruits treated with 1%C +1%E had the  
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Figure 1. Weight loss of cucumber fruits (%) in different duration treated by chitosan-lemon grass extracts of different concentartion.  
Control, Untreated cucumber fruits; 0.5%C + 0.5%E, cucumber fruits treated with 0.5% Chitosan - 0.5% Lemon grass extract; 0.5%C 
+ 1%E, cucumber fruits treated with 0.5% Chitosan - 1% Lemon grass extract; 1%C + 0.5%E, cucumber fruits treated with 1% 
Chitosan - 0.5% Lemon grass extract. 1%C + 1%E, cucumber fruits treated with 0.5% chitosan - 0.5% lemon grass extract. 

 
 
 
lowest weight loss (1%) after 14 days. The highest weight 
loss (6%) was observed in cucumber fruits treated with 
0.5%C + 0.5%E followed by the control cucumber (4%). 
Loss of weight in fresh fruits and vegetables is mainly 
due to the loss of water caused by transpiration and 
respiration processes (Zhu et al., 2008).  Percentage 
weight loss of cucumber fruits decreased with increasing 
concentrations of chitosan and lemon grass extract 
coatings. The low weight loss (%) observed in 1%C + 
1%E implies that the blends of chitosan - lemon grass 
coating especially at 1% concentration each, provides 
barrier against diffusion of O2, CO2, moisture and solute 
movement, thereby reducing respiration, water loss and 
oxidation reaction rates through the stomata. Chitosan 
has been reported to be more effective at delaying weight 
loss in banana and mango (Kittur et al., 2001) and 
strawberries (Ribeiro et al., 2007). This also agrees with 
the findings of Dong et al. (2004), that chitosan coating 
forms a semi-transparent layer on smooth surface which 
reduces respiration and transpiration rates through fruit 
surfaces. Cucumber fruits are not easily prone  to  weight 

loss because of its thick skin, however, Kang et al. 
(2002), had reported 7% weight loss during storage as 
the limit of marketability for cucumber appearance. 
Weight loss obtained in this study for all treatment 
concentrations was less than 7% which favours the use 
of chitosan and lemon grass extract blend coating, in 
postharvest storage of cucumber.   
 
 
Firmness of cucumber of fruits 
 
The fruits firmness, an attribute that indicates the shelf 
life and quality of fruit is presented in Table 1. No 
significant (P≥0.05) reduction was observed in firmness 
of fruits treated with 1%C + 1% E, 0.5%C + 1%E as well 
as 0.5%C + 0.5% E within the 14 days of storage.  The 
control cucumber fruits showed a significant (p≤0.05) 
reduction in firmness as storage days proceeds. This 
agrees with the findings of Thommohaway et al. (2007) 
on the firmness of fresh-cut guava coated with chitosan 
and Bautista-Banos et al. (2003), in solo papayas  treated  
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Table 1. Firmness (N) of cucumber stored at ambient temperature.  
 

Storage (days)  0 7 14 

Control 52.5 ± 0.81
a
 50.6 ± 0.55

b
 50.3 ± 0.13

 b
 

0.5%C+0.5%E 55.2 ± 0.10
a
 53.2  ± 1.91

a
 54.2  ± 0.10

a
 

0.5%C+1%E 50.7 ± 0.70
a
 50.2 ± 0.10

a
 50.1 ± 0.10

a
 

1%C+0.5%E 50.5 ± 0.16
b
 50.5 ± 0.65

b
 52.2 ± 0.12

a
 

1%C+ 1%E 51.0 ± 0.37
 a
 51.2 ± 0.87

a
 50.3 ± 0.10

a
 

 

Values represent means of triplicate (n=3) separated using Duncan multiple range 
test (DMRT) at p≤ 0.05. Values with the same alphabet along the same row are not 
significantly different (p≤0.05).Control, untreated cucumber fruits. 0.5%C + 0.5%E, 
cucumber fruits treated with 0.5% Chitosan - 0.5% Lemon grass extract; 0.5%C + 
1%E, cucumber fruits treated with 0.5% chitosan -1% Lemon grass extract; 1%C + 
0.5%E, cucumber fruits treated with 1% chitosan - 0.5% lemon grass extract; 1%C 
+ 1%E, cucumber fruits treated with 0.5% Chitosan -0.5% lemon grass extract. 

 
 
 

with 1.5% chitosan coating. The positive outcome of high 
chitosan concentration on firmness has also been 
reported for ‘Murcott’ tangor (Chien et al., 2007), papaya 
(Ali et al., 2011) and guava (Keqian et al., 2012). Fruit 
softening is due to weakening in the cell structure, the 
cell wall composition and the intracellular materials 
(Shiekh et al., 2013). It is a biochemical process involving 
the hydrolysis of pectin and starch by enzymes, such as 
wall hydrolases.   The combination of chitosan and lemon 
grass extract coatings at the concentrations under study 
might have inhibited the activities of the enzyme 
hydrolase thereby maintaining the firmness of the fruit. 
Similarly, the maintenance of fruits firmness might be 
attributed to the high antifungal activity of the coating and 
its ability to cover of the cuticle and lenticels, thereby 
reducing infection, respiration and other ripening 
processes during storage (Martínez-Romero et al., 2006). 
Firmness is an important factor that affects the quality 
and consumer acceptability of fresh fruits.   
 
 
Colour of cucumber 
 
The color changes in cucumber skin as influenced by 
storage time and treatment with chitosan and lemon 
grass extract is shown in Table 2. There was no 
significant change (p≥0.05) in lightness (L*) values of the 
fruits treated with 0.5% C + 0.5%E, 0.5% C + 0.5%E, 
1%C + 0.5%E and control fruits during the period of 
storage (14 days). Similarly, no significant differences 
(p≥0.05) was observed between the (greenness) a* and 
yellowness (b*) values of the treated and control fruits as 
the storage days progresses. This contradicts the 
findings of Phal Sargent and Maynard (2013), who 
observed that the peel colour of uncoated cucumber 
remained dark green only within 6 days of storage at 
ambient temperature. In freshly harvested green 
vegetables, yellow carotenoids coexist with green 
chlorophylls. During ripening of fruits, chlorophyll 
constantly decreases, exposing the lighter yellow 
pigments,  also  if  stored  for  a  long  time,   most   green 

vegetables will undergo eroding of chlorophyll 
(Moalemiyan and Ramaswamy, 2012), which shortens its 
shelf life and affects quality (Fukasawa et al., 2010).  It 
therefore implies that in this study, the  storage days 
employed were not enough for senescence to set in, also 
the respiration rate of the species of cucumber fruits used 
might be slow which invariably slows down ripening in 
both the treated and control cucumber fruits. 
 
 

Diameter of cucumber  
 

Figure 2 shows the effect of chitosan and lemon grass 
extract coating on the diameter of cucumber fruits stored 
at ambient temperature. There were no significant 
decrease (p≥0.05) in the diameters of the treated and 
control cucumber fruits. Decrease (1%) was observed in 
the diameter of 1%C +1%E treated cucumber fruits on 
day 7 of storage and remained constant through the 
storage period. All the other treatments including the 
control showed a decrease in diameter on day 14 of 
storage. Bart-Plange and Baryeh (2003) reported that the 
diameter of a fruit is a measure that judges its normal and 
healthy growth. The observation agrees with the findings 
of Nadim et al. (2015), where no significant difference 
(p≥0.05) was observed in the diameter of strawberry 
coated with methylcellulose-based edible coating and the 
control. Decrease in diameter of fruits is usually caused 
by water loss which is as a result of transpiration and 
respiration resulting in the shrivelling of fruits (Hazbavi et 
al., 2015).  The observed weight loss in this study was 
not significant enough to bring about significant decrease 
in the diameter of the treated and untreated control 
samples.  
 
 

Titratable acidity of cucumber 
 

The titratable acidity (TA) values of chitosan and lemon 
grass extract treated and untreated samples during 
storage decreased with storage time (Table 3). At the end 
of the storage, highest percentage decrease (42%) of  TA 
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Table 2. Colour of cucumber. 
 

Storage (days)  0 7 14 

L*    

Control 56.7±0.70
a
 54.8±0.60

b
 56.7±0.10

a
 

0.5%C+0.5%E 63.0±1.75
a
 62.5±0.03

a
 62.5±0.13

a
 

0.5%C+1%E 61.0±1.19
b
 62.1±0.01

ab
 62.6±0.10

a
 

1%C+0.5%E 62.3±0.81
a
 60.2±0.03

b
 61.5±0.10

a
 

1%C+1%E 61.9±0.26
b
 62.7±0.03

a
 62.6±0.11

a
 

    

a*    

Control -49.2±0.43
a
 -48.8±0.49

a
 -49.0±0.09

a
 

0.5%C+0.5%E -59.5±0.60
a
 -59.2±0.02

a
 -59.3±0.14

a
 

0.5%C+1%E -57.9±0.85
b
 -58.4±0.05

ab
 -59.3±0.08

a
 

1%C+0.5%E -58.9±0.68
a
 -58.2±0.02

a
 -58.4±0.08

a
 

1%C+1%E -58.1±0.43
b
 -59.0±0.67

ab
 -59.5±0.09

a
 

    

b*    

Control 11.0±0.09
a
 10.7±0.54

a
 10.0±0.01

b
 

0.5%C+0.5%E 10.4±0.82
a
 10.6±0.02

a
 10.5±0.06

a
 

0.5%C+1%E 9.9±0.20
b
 9.3±0.15

c
 10.6±0.09

a
 

1%C+0.5%E 9.3±0.14
b
 9.4±0.07

b
 10.4±0.07

a
 

1%C+1%E 9.9±0.91
a
 9.53±0.52

a
 10.7±0.09

a
 

 

Values represent means of triplicate (n=3) separated using Duncan multiple range test (DMRT) at p≤ 0.05. Values with 
the same alphabet along the same row are not significantly different (p≤0.05). Control, Untreated cucumber fruits; 
0.5%C + 0.5%E – Cucumber fruits treated with 0.5% chitosan- 0.5% lemon grass extract; 0.5%C + 1%E, Cucumber 
fruits treated with 0.5% chitosan- 1% lemon grass extract; 1%C + 0.5%E, cucumber fruits treated with 1% chitosan - 
0.5% lemon grass extract; 1%C + 1%E, Cucumber fruits treated with 0.5% chitosan - 0.5% lemon grass extract 

 
 
 
 

 
 

Figure 2. Diameter of Cucumber fruits  (mm) in different duration treated by chitosan-lemon grass extracts of 
different concentration. Control, Untreated cucumber fruits; 0.5%C + 0.5%E, cucumber fruits treated with 0.5% 
chitosan - 0.5% lemon grass extract; 0.5%C + 1%E, cucumber fruits treated with 0.5% chitosan - 1% lemon grass 
extract; 1%C + 0.5%E, cucumber fruits treated with 1% chitosan -0.5% lemon grass extract; 1%C + 1%E, cucumber 
fruits treated with 0.5% chitosan -0.5% lemon grass extract. 
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Table 3. Titratable acidity (%) of cucumber. 
  

Storage (days) 0 7 14 % decrease 

Control 0.36±0.01
a
 0.22±0.02

b
 0.21±0.04

b
 42 

0.5%C+0.5%E 0.39±0.01
a
 0.29±0.021

b
 0.25±0.02

c
 36 

0.5%C+1%E 0.34±0.01
a
 0.25±0.01

b
 0.23±0.02

c
 32 

1%C+0.5%E 0.31±0.03
a
 0.28±0.01

b
 0.23±0.01

c
 26 

1%C+ 1%E 0.29±0.01
ab

 0.30±0.03
a
 0.25±0.01

b
 14 

 

Values represent means of triplicate (n=3). Values with the same alphabet along the same row are 
not significantly different (p≤0.05); Control, Untreated cucumber; 0.5% C + 0.5% E, cucumber treated 
with 0.5% Chitosan - 0.5% Lemongrass extract; 0.5% C + 1% E, cucumber treated with 0.5% 
chitosan - 1% lemongrass extract; 1% C + 0.5% E, cucumber treated with 1% chitosan -0.5% 
lemongrass extract; 1% C+ 1% E, cucumber treated with 1% chitosan -1% lemongrass extract. 

 
 
 

Table 4. Total soluble solids (oBrix) of cucumber. 
 

Storage (days)  0 7 14 % Decrease 

Control 3.0 ± 0.01
b
 3.2 ± 0.01

a
 2.8± 0.01

 c
 7 

0.5%C+0.5%E 3.9 ± 0.01
b
 4.2 ± 0.02

a
 3.2 ± 0.01

c
 18 

0.5%C+1%E 3.9 ± 0.01
b
 4.0 ± 0.01

a
 3.4 ± 0.02

c
 12 

1%C+0.5%E 3.9 ± 0.02
b
 4.8 ± 0.03

a
 3.0 ± 0.01

c
 23 

1%C+ 1%E 3.9 ± 0.01
b
 4.0 ± 0.01

a
 3.0 ± 0.01

c
 23 

 

Values represent means of triplicate (n=3). Values with the same alphabet along the same row are not 
significantly different (p≤0.05); Control, Untreated cucumber; 0.5% C + 0.5% E, cucumber treated with 0.5% 
Chitosan - 0.5% Lemongrass extract; 0.5% C + 1% E, cucumber treated with 0.5% chitosan - 1% 
lemongrass extract; 1% C + 0.5% E, cucumber treated with 1% chitosan -0.5% lemongrass extract; 1% C+ 
1% E, cucumber treated with 1% chitosan -1% lemongrass extract. 

 
 
 
was observed in the untreated cucumber fruits, as the TA 
decreased from 0.36 to 0.21%. The least percentage 
decrease was observed in 1% C + 1% E (14%). This 
further corroborates the fact that 1%C + 1%E delayed 
ripening by providing a semi-permeable film around the 
fruit and therefore reduced the metabolic rate of the 
treated fruits (Ibrahim et al., 2014). It also agrees with the 
observation of Ali et al. (2015), where the combination of 
essential oil with chitosan treatments on bell pepper 
maintained significantly higher values for TA as 
compared to the control.   

Decline in TA is an important event during ripening, as 
it renders the fruit less acidic and sour. Since organic 
acids, such as malic or citric acid, are primary substrates 
for respiration, a reduction in acidity is expected in 
respiring fruits. According to Hong et al. (2012), the faster 
the reduction in acidity the faster the senescence. Higher 
concentration of chitosan and lemon grass extract on 
cucumber fruits might therefore reduce the rate of 
respiration and delay the utilization of organic acids which 
will result in lower loss of acidity in cucumber fruits. 
 
 
Total soluble solids of cucumber 
 
The total soluble solids (TSS) shown in Table 4  revealed  

an increase and a later decrease of the soluble solids in 
the chitosan and lemon grass extract treated cucumber 
fruits as well as the untreated samples during the storage 
period. The increase was significant from day 0 to day 7 
while the decrease was significant on day 14 for both 
treated and the control cucumber fruits.  This agrees with 
the report of Moalemiyan and Ramaswamy (2012) where 
an increase in TSS of cucumber fruits (coated and 
control) was observed from 0 to 10 days, then a decrease 
up to day 15. Also, Nadim et al. (2015) noted that the 
total soluble solids of strawberry fruits coated with 
methylcellulose-based edible coating increased up to day 
7, and then decreased to the end of storage. Similar 
results were recorded for tomato (Ali et al., 2011) and for 
banana fruits coated with cellulose edible coatings 
(Jafarizadeh et al., 2011). 

The increase in TSS observed during storage might be 
due to the breakdown of starch into simple sugars. In 
general, sugars are the primary constituents of soluble 
solid concentration of a product which are consumed 
during respiration. Decreased respiration rates slow down 
the synthesis and use of metabolites and this result in 
lower TSS due to the slower hydrolysis of carbohydrates 
to sugars (Yaman and Bayoindirli, 2002). In this study, 
higher TSS values were observed in all the treated 
samples with chitosan and  lemon  grass  extract  than  in  
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Table 5.  Sensory evaluation of cucumber after storage.  
 

Concentration Taste Peel colour Pulp colour Texture Flavour Overall acceptability 

Control 7.0 ± 1.34
a
 7.5 ± 1.27

a
 7.8  ± 1.34

a
 7.7  ± 1.40

a
 6.9 ± 1.31

a
 7.4  ± 1.33

a
 

0.5%C+ 0.5%E 7.1 ± 1.31
a
 7.3 ± 1.07

ab
 7.4 ± 1.15

a
 7.5  ± 1.03

a
 6.9  ± 1.06

a
 7.2  ± 1.12

a
 

0.5%C+1%E 7.1 ± 1.54
a
 7.7  ± 1.32

a
 7.5  ± 1.27

a
 7.4  ± 0.96

a
 7.0  ± 0.89

a
 7.3  ± 1.20

a
 

1%C+0.5%E 7.0  ± 0.97
a
 6.8  ± 0.98

 ab
 7.2  ± 1.11

a
 7.3 ± 0.95

a
 6.8 ± 1.00

a
 7.0  ± 1.00

a
 

1%C+1%E 6.7 ± 1.20
a
 6.7 ± 1.21

b
 7.1 ± 1.39

a
 7.2  ± 1.22

a
 6.9  ± 0.88

a
 6.9 ± 1.18

a
 

 

Values represent means of triplicate (n=3). Values with the same alphabet along the same row are not significantly different 
(p≤0.05);  Control, Untreated cucumber; 0.5% C + 0.5% E, cucumber treated with 0.5% Chitosan - 0.5% Lemongrass extract; 
0.5% C + 1% E, cucumber treated with 0.5% chitosan - 1% lemongrass extract; 1% C + 0.5% E, cucumber treated with 1% 
chitosan -0.5% lemongrass extract; 1% C+ 1% E, cucumber treated with 1% chitosan -1% lemongrass extract. 

 
 
 
the untreated samples. 
 
 
Sensory evaluation of cucumber after storage 
 
The sensory evaluation of cucumber fruits treated and 
untreated with chitosan and lemon grass extract at the 
end of storage were summarized in Table 5. No 
significant difference (p≥0.05) was observed in pulp 
colour, peel colour, texture, flavor assessed for treated 
and untreated cucumber fruits at the end of day 14. The 
untreated fruits were as acceptable as those treated with 
chitosan and lemon grass extracts to the panelists. This 
agrees with the report of Yahia et al. (2008) who reported 
that cucumber can be stored for two weeks. But it was in 
contrast with the result obtained by Al-Juhaimi et al. 
(2012) who reported a significant difference (p≤ 0.05) 
between 20% gum Arabic coated and uncoated 
cucumber fruit. In cucumber fruits, the main signs of 
aging and deterioration in quality are yellowing and 
shrivelling as a result of water loss (Zapotoczny and 
Markowski, 2014), but these were not observed in the 
chitosan and lemon grass extract treated fruits as well as 
the control untreated fruits on day 14 of storage. No 
significant difference (p≥0.05) was observed in the overall 
acceptability of both treated and untreated cucumber 
fruits. 
 
 
Conclusions 
 
In this study, the combination of chitosan and lemon 
grass extract,  especially 1.0% C +1.0% E as an edible 
coating, has proved to have  great potential to preserve 
the physical characteristics of cucumber fruits at ambient 
temperature 28 ± 2°C peculiar to tropical countries. This 
combination gave better physical parameter results. The 
coating of cucumber fruits with 1%C + 1%E was the most 
effective of the treatments in reducing weight loss, 
firmness and titratable acidity. Treatment had no 
significant effect on the length, diameter, colour and total 
soluble solids of cucumber fruits during the 14 days of 
storage. Similarly, no significant  difference (p≥0.05)  was 

observed between the sensory attributes considered in 
treated and untreated cucumber fruits, which implies that 
reduction in weight loss, firmness and titratable acidity 
observed, were not sufficient to make an observable 
change in the sensory attributes of the cucumber fruits. 
Storage days of more than 14 days may have shown 
differences between the treated and untreated cucumber 
fruits. 
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Clonal multiplication of oil palm enables the formation of commercial plantations with higher yield, 
which is possible through somatic embryogenesis. However, due to different modifications made in the 
existing protocols to avoid the appearance of the “mantled flower”, the success of this technique has 
been limited. Thus, this study aimed to apply a cloning protocol, using somatic embryogenesis, to 32 
elite oil palm genotypes from a commercial plantation on which cytokinin was substituted with 
putrescine. All tested genotypes responded positively to callus induction. Moreover, the percentages of 
responses were differentiated: 65.62% of these genotypes produced embryogenic lines, and 40.62% out 
of that percentage presented lines with moderate or high multiplication capacity, which is the main 
factor that enabled the obtaining of clones to form a commercial clonal plantation. The somatic 
embryogenesis was efficient, making this protocol applicable at a commercial scale, since it allows the 
obtaining of clones up to 360 days. However, future evaluations on these clones are needed to 
investigate the appearance of the “mantled flower”.  
 
Key words: Cloning, polyamines, tissue culture, commercial plantation. 

 
 
INTRODUCTION 
 
The oil palm (Elaeis guineensis Jacq.) is an oleaginous 
palm of African origin with a great economic importance, 
both for food industry and for non-food industry (Ganand, 
2014). The oil extracted from this palm is nowadays the 
most produced and consumed in the world, responsible 
for 30% of the world production, being the main raw 
matter for oleo chemical industry (Mielke, 2013). The 

global dependency on oil palm tends to increase in the 
coming years and it is forecasted that in the year 2020, at 
least 78 million of tons of oil extracted from this palm 
would be demanded by consumers in the entire world 
(Mielke, 2013) since, besides the interest developed by 
the food industry, oil palm is becoming the most 
important raw matter in the biofuel industry (Ganand,
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2014).   Studies have indicated that until 2035, these 
yields need to increase even more, and that would only 
be possible by improving the productive chain (Ganand, 
2014). Among these efforts, plant breeding is 
fundamental, since it allows the introduction of superior 
cultivars in commercial plantations, hence contributing to 
the increment of productivity. However, oil palm breeding 
is limited due to long periods and evaluation costs 
needed to reach the desired cultivar (Rance et al., 2001). 
Selection cycle that includes evaluation, phenotypic 
selection and the crossing between the selected families 
to form a new population requires approximately 19 years 
(Wong and Bernardo, 2008). 

Besides the long selection period, oil palm presents 
high heterozygosity, especially when the propagation of 
the plant is performed by seeding, having as result 
formation of heterogeneous plantations, promoting non-
uniformity in production and difficulties in agronomical 
practices (Srisawat and Kanchanapom, 2005). The 
development of commercial plantations of elite clones 
can offer advantages such as harvest uniformity, 
simplification in management practices and optimization 
of the oil production (Malike et al., 2012), plus 
multiplication of the superior genotypes in a short period 
of time. 

For clonal multiplication of oil palm, the somatic 
embryogenesis has been the most used method (Konan 
et al., 2006; Ong-Abdullah et al., 2015; Ooi et al., 2013; 
Palanyandy et al., 2013), and it has already been tested 
from different explants, such as immature leaves of 
young plants, immature inflorescences and zygotic 
embryos (Balzon et al., 2013; Yusnita and Hapsoro, 
2011; Rajesh et al., 2003; Scherwinsky-Pereira et al., 
2010; Thuzar et al., 2011). It is important to highlight that 
details for clonal multiplication of oil palm are not 
published, since researches are conducted by companies 
with commercial interests, not interested in providing their 
protocols (Scherwinsky-Pereira et al., 2010). 

Other aspect to be considered in micropropagation of 
oil palm is the appearance of the “mantled flower”, a floral 
abnormality that is present in plants obtained by in vitro 
culture (Alwee et al., 2006) severely affecting the 
productivity potential. The causes of the “mantled” are 
unknown and thus currently it has been considered an 
epigenetic variation since cytokinin stimulates the 
hypomethylation of the DNA, which results in a homeotic 
transformation of the floral organs (Ong-Abdullah et al., 
2015). 

The use of cytokinin (Eeuweens et al., 2002; Jones et 
al., 1995; Roowi et al., 2010) and the combination of high 
concentrations of cytokinin and low concentrations of 
auxins in the culture medium (Smulders and Klerk, 2011), 
have been pointed as the main causes of this abnormality 
when the plants are micropropagated. Modifications in 
the composition of the culture medium to control the 
“mantled” have been well-succeeded (Eeuwens et al., 
2002). However, these modifications lead to reduction of  

 
 
 
 
the success of the somatic embryogenesis technique 
(Kushairi et al., 2010). 

According to Khan et al. (1992) and Galston and Kaur-
Sawhney (1995), polyamines can substitute cytokinins 
effectively in the in vitro culture. The polyamine 
“putrescine” is related to the high efficiency of somatic 
embryogenesis and is correlated with active cell division 
(Kackar and Shekhawat, 2007). The polyamines 
minimize the frequency of DNA methylations (Brooks et 
al., 2010) and are essential in many cell processes, from 
transcription to membrane fluidity (Baron and Stasolla, 
2008). The utilization of polyamine instead of cytokinin in 
the somatic embryogenesis in oil palm was described by 
Rajesh et al. (2003). However, these authors used 
zygotic embryos as explants. Moreover, studies using 
immature leaves from adult plants as source of explants, 
and also, that aim to produce clones to establish a 
commercial plantation are not yet of public domain. This 
work aimed to demonstrate the efficiency of putrescine in 
somatic embryogenesis among selected 32 elite 
genotypes of oil palm, as well as to identify the potential 
of these genotypes to obtain clones of commercial 
plantation.  
 
 
MATERIALS AND METHODS 
 
Selection of genotypes for cloning 
 

To implement the experiment, thirty-two genotypes of oil palm (E. 
guineensis Jacq.) „Tenera‟ hybrids dura (D) x psífera (P) were 
selected from Agropalma S.A.‟s commercial plantation (Table 1), 
located in the city of Tailândia, Pará, Brazil. The selected materials 
are elites from different research centers and show considerable 
genetic variation. The individual selection of elite plants to be 
cloned was performed systematically and accurately considering 
yield, vegetative and plant health aspects.  

 Considering productivity aspects, the elite plant to be cloned 
should provide: good yields as fresh fruit bunch production (200 to 
250 kg), good number of fresh fruit bunches, oil potential in the fruit 
bunch (28%), average weight of fresh fruit bunch and annual 
production of at least 10 tons of oil per ha per year. Plants showing 
slow growth (0.25 - 0.50 m per year) were considered as a good 
vegetative aspect for selection. For the vegetative aspects, plants 
that showed slow growth (0.25 were 0.50 m per year) were 
considered. Finally, for phytosanitary aspects, free arrays of 
diseases and symptoms of nutritional deficiency were considered 
(Corrêa et al., 2015). 
 
 

Referencing of apical meristem, removal of the palmito, 
obtaining and preparation of the foliar explants 
 

For extraction of the explants, the posterior growth of the matrix 
plant was not compromised before the cloning process of the 
selected genotypes; the stipe region was determined to cut the 
palmito. Three adult plants were used in pretesting (Figure 1A), 
performing a longitudinal cut in the stipe and measurements to 
reference the meristem region (Figure 1B), so that the same 
meristem region could be preserved safely at the moment of 
extraction. The palmito extraction in all donor elite plants was based 
on this height measurement reference (Figure 1C). After extraction, 
each palmito was sent to the Laboratory of Vegetal Cell and Tissue  
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Table 1. “Tenera” hybrids of oil palm (E. guineensis Jacq.) selected as explants donors to clone through somatic 
embryogenesis using putrescine. 
 

Tenera hybrids  Company supplier of seeds Number of accessed matrixes  Age (years)  

Deli x Ekona ASD 2  9  

Deli x Ghana ASD 3  11  

Deli x La Mé Murrin Corporation 9  9-26  

Deli x La Mé Embrapa Manaus 4  11-13  

Deli x Yangambi Univanich Palm Oil 8  10-27  

Deli x Avros ASD 2  13  

Kigoma ASD 2  13  

Deli x Dami Dami Las Flores 2  14-15  

 
 
 

 
 

Figure 1. Apical meristem referencing procedures for safe palmetto extraction and obtaining of leaf explants to induce 
somatic embryogenesis in oil palm. A: Cutting of an adult plant oil palm to perform stem slitting and measurements, in 
order to secure palm extraction without compromising the apical meristem. B: Referencing safety for cutting palm hearts, 
where the arrow indicates the region of apical meristem. C: Palm extraction based on measurements done by a 
professional. D: Removal of external palm leaf layers of protection for leaf explant preparation. E- F: Immature leaflets 
individually separated for the induction of somatic embryogenesis in oil palm 

 
 
 
Culture at the Federal University of Viçosa, in Viçosa/MG, Brazil. 
After 72 h of material removal in the laboratory, the palmitos were 
sanitized externally with 70% alcohol and external leaf layers were 
carefully removed (Figure 1D), being the immature leaves 
separated in seven layers: Leaf- 1 (most external) to Leaf- 7 (most 
internal) (Figure 1E and F) (Corley and Tinker, 2003). Next, the 
leaflets of each leaf were detached from the rachis, with 1/3 of the 
leaflet apex being eliminated. The leaflets were then submitted to 
disinfection with sodium hypochlorite (1% of active chlorine) for 20 
min and rinsed successively eight times in sterile deionized water in 
laminar flow chamber. After disinfection, the leaflets were sectioned 
transversally into 1 cm segments  of  length,  which  were  used  as 

explants to induce somatic embryogenesis. 
 
 
Induction of callus formation 
 
The basal medium (MB) used in this work was composed of salts 
and vitamins Y3 (Eeuwens, 1978), 30 g L-1of sucrose, 1 g L-1 of 
casein hydrolyzed, 100 mg  L-1ofmyo-inositol, 100 mg L-1of arginine, 
100 mg L-1of asparagine, 100 mg L-1of glutamine and jellied with 2.5 
g L-1of Phytagel® (Sigma, USA). The pH was 5.7 ± 0.1 and the 
mediums were autoclaved for 20 min at 121°C and 1.5 atm. For 
callus   induction,   the     culture     medium     consisted    of     MB, 
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supplemented with 800 µM of 2,4-dichlorophenoxyacetic acid (2,4-
D) and 3 g L-1 of active charcoal (Sigma, USA) (Corrêa et al., 2015). 
The explants were inoculated into Petri dishes of polystyrene (90 × 
15 mm) containing 30 mL of this culture medium. Five explants 
were inoculated per dish and 500 dishes were sealed with PVC film 
(Rolopac®) and kept in the growing room, at a temperature of 27 ± 
1°C in absence of light for 90 days. After the incubation period, the 
percentage of explants that formed callus on each genotype was 
evaluated.  

 
 
Multiplication of the callus and obtaining of embryogenic lines 

 
The callus obtained from each genotype was inoculated into 
multiplication medium. This medium constituted of MB added with 9 
µM of 2,4-D and 1000 µM of putrescine (Corrêa et al., 2015). After 
inoculation of the callus, the dishes were sealed with PVC film 
(Rolopac®) and kept in the growing room, at a temperature of 27 ± 
1°C in darkness. After 60 days, the callus that formed embryogenic 
lines were separated. These were subdivided and subcultivated in 
the same multiplication medium.  

The lines considered embryogenic presented granular aspect 
and yellow coloration, having the capacity of multiplication classified 
as null, low, moderate or high. 

 
 
Criteria for evaluation of embryogenic lines 

 
The genotypes that did not produce embryogenic lines were 
classified as “null”. The embryogenic lines that increased up to two 
times the original size, having multiplication difficulties, were 
classified as “low”, and the genotype that formed this type of lines 
was classified as a material producing embryogenic masses with 
“low” multiplication capacity. The genotype that produced 
embryogenic masses with “moderate” multiplication capacity were 
those in which the obtained lines increased up to three times their 
original size, when conditioned into the multiplication medium. 
Finally, the genotypes that presented embryogenic lines with “high” 
multiplication capacity were those in which the lines increased five 
times or more from the original size. 

 
 
Obtaining of somatic embryos 

 
After the multiplication stage, the embryogenic lines were 
conditioned in regeneration medium. The regeneration medium was 
constituted of MB with addion of 0.1 µM 2,4-D, active charcoal 
(Sigma, USA) and 1000 µM of putrescine. After inoculating 
embryogenic lines in this media, the dishes were sealed with PVC 
film (Rolopac®) and kept in the growing room, at a temperature of 
27 ± 1°C in absence of light for 60 days. 

 
 
Germination of somatic embryos 

 
The culture medium for germination constituted of MB 
supplemented with 0.54 µM of NAA and 1000 µM of putrescine 
(Corrêa et al., 2015). The obtained somatic embryos in the previous 
stage were individualized and inoculated into test tubes (150 x 25 
mm) containing 10 ml of the germination medium and after 30 days, 
were put into jars to complete germination. The test tubes and/or 
jars were kept in the growing room, at a temperature of 27 ± 2°C 
with a photoperiod of 16 h/day and irradiance of ± 40 µmol m-2 s-1 

provided by tubular lamps of LED (18W, ArapecaIluminação LED). 
From the 60th day, counting of the number of obtained plants was 
registered  in  the  process.  Only  plants  with  complete   root   and 

 
 
 
 
shoot development were considered in that counting.  

 
 
Acclimatization of clonal seedlings 
 
For the acclimatization, the plantlets‟ roots were rinsed with regular 
water to remove the excess of culture medium. Next, the plantlets 
were inoculated into test tubes (150 x 25 mm) containing 10 mL of 
nutritive solution ½ strength (macro- and micronutrients Y3 reduced 
to half) for a period of seven days. These were kept in the growing 
room, at a temperature of 27 ± 2°C with a photoperiod of 16 h/day 
and irradiance of ± 40 µmol m-2 s-1 provided by tubular lamps of 
LED (18W, ArapecaIluminação LED). 

After this period, the plantlets were transferred to plastic tubes of 
63 mm in diameter and 130 mm tall, filled with 180 cm3 of substrate 
Plantimax®, with addion of 8.0 kg of simple superphosphate per m3 
of substrate. Next, the plantlets were transferred to the greenhouse 
and kept in intermittent misting chamber, controlled by a temporizer 
with fixed irrigation interval. 

The programming used for the mist was an irrigation of ten 
seconds every 20 min in the first 15 days. After this period, the mist 
occurred at every hour, with irrigation time of 20 s. The irrigation 
nozzle used had a flow rate of 120 mL/min. The maximum 
temperature reached in the interior of this system was 35°C. A 
Thermo-reflective blanket (Aluminet®) with 50% of light restriction 
provided the shading of the mist chamber. The plantlets were 
supplied weekly with 20 mL of ½ force nutritive solution. After 90 
days of acclimatization, the clonal seedlings were sent to 
Agropalma S.A. 

In the company, the seedlings were transplanted to plastic bags 
with a capacity of 15 L, dimension of 25 cm in diameter and 33 cm 
tall, containing a composed substrate of 60% soil and 40% 
composting material (industrial residues of oil palm). The seedlings 
were kept in acclimatization in pre-nursery protected with 50% 
shade from 30 days. After 30 days, seedlings were transferred to 
open nursery to complete their development and, subsequently, to 
implantation of the clonal garden. 

 
 
RESULTS 
 
Referencing of the apical meristem 
 
The study of referencing of the apical meristem of the 
adult palm performed for secure extraction of the palmito 
indicated that cutting of the palmito must be done 
minimally at 30 cm height of the last open inflorescence, 
regardless if the plant is male or female. Being extracted 
at this height, apical meristem was preserved and 
protection was continued, ensuring the resumption of the 
plant growth matrix. 
 
 
Contamination index 
 
The contamination index in all genotypes was less than 
5%, indicating that the use of immature leaflets from the 
palmito region as explants is an excellent alternative for 
induction of somatic embryogenesis in oil palm, since 
tissues are protected by external foliar layers. Moreover, 
disinfection methodology was also efficient, allowing the 
success of in vitro establishment of all selected elite 
genotypes.     



 

 
 
 
 

Table 2. Rate of callogenesis after 90 days of in vitro 
culture in induction medium for the 32 elite oil palm 
genotypes (E. guineensis Jacq.) selected for cloning 
through somatic embryogenesis using putrescine. 
 

Genotype Genetic background Callogenesis (%) 

A-01 Deli × Ekona 5.35 

A-02 Deli × Ekona 7.15 

A-03 Deli × La Mé 7.98 

A-04 Deli × La Mé 52.05 

A-05 Deli × La Mé 35.15 

A-06 Deli × La Mé 21.76 

A-07 Deli × Ghana 16.78 

A-08 Deli × Ghana 4.77 

A-09 Deli × Yangambi 5.68 

A-10 Deli × Yangambi 3.91 

A-11 Deli × Dami 4 

A-12 Deli × Dami 1 

A-13 Deli × La Mé 2.77 

A-14 Deli × La Mé 4.12 

A-15 Deli × Avros 6.2 

A-16 Deli × Avros 5.88 

A-17 Kigoma 9.53 

A-18 Kigoma 2.92 

A-19 Deli × La Mé (Embrapa) 1.61 

A-20 Deli × La Mé (Embrapa) 1 

A-21 Deli × La Mé 2.61 

A-22 Deli × La Mé 3.47 

A-23 Deli × Yangambi 6.09 

A-24 Deli × Yangambi 0.62 

A-25 Deli × Yangambi 6.18 

A-26 Deli × Yangambi 1.11 

A-27 Deli × Yangambi 0.28 

A-28 Deli × Yangambi 10.04 

A-29 Deli × La Mé (Embrapa) 1.14 

A-30 Deli × Ghana 4.58 

A-31 Deli × La Mé 17.21 

A-32 Deli × La Mé (Embrapa) 4.62 

 
 
 
Induction of callus formation 
 
At 90 days after induction of somatic embryogenesis, it 
was observed that all 32 elite genotypes selected 
responded to callogenesis induction. 
   Percentages of response of evaluated genotypes 
varied. Some presented only 1% of explants with 
developed callus and others reached up to 52.05% 
(Table 2). 

Characteristics of the developed callus were similar in 
all the genotypes, occurring generally in the extremities of 
the foliar explant at the region where it was cut and 
selected. All developed callus presented nodular aspect 
with globular structures and beige to light yellow 
coloration (Figure 2A). 
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Embryogenic lines 
 
The formation of embryogenic lines, main factor to 
guarantee the production of oil palm clones through 
somatic embryogenesis, occurred in 65.62% of the elite 
genotypes tested (Table 3). It was observed that even in 
those genotypes in which the response to callogenesis 
was low (e.g., genotype A-20 with 1% of formed callus) 
formation of embryogenic lines was presented (Table 2). 
Although, the formation of embryogenic lines has 
occurred in most genotypes submitted to induction of 
somatic embryogenesis, the continuous capacity of 
proliferation showed differentiated responses. Among the 
genotypes that formed embryogenic lines, 40.62% 
showed these structures with a multiplication capacity 
classified as low or null (Table 3). 

Embryogenic lines could be observed between the 30
th

 
and 60

th
 day of inoculation of the callus in multiplication 

medium. These can be viewed without the aid of 
magnifying glasses, since they have different 
characteristics as compared to those callus that 
originated them. The callus that gave origin to the 
embryogenic lines had mucilaginous aspect, light brown 
to beige coloration. The lines were friable, showing 
granular aspect and yellow coloration (Figure 2B). Even 
after the 10

th
 consecutive subculture, all the embryogenic 

lines (even those with low multiplication capacity) did not 
lose their quality and potential to regenerate plants.  
 
 
Formation of somatic embryos 
 
After 60 days in regeneration medium, the embryogenic 
lines were differentiated, forming somatic embryos that 
eventually completed their development and maturation. 
The somatic embryos had white coloration and hardly 
adhered one to the other (Figure 2C). Morever, with the 
aid of a scalpel, these could be separated, subdivided 
and transferred to germination medium. At 20 days in the 
germination medium, somatic embryos was elongated 
and changed coloration to whitish green (Figure 2D). 
Between the 30

th
 and 60

th
 culture day in this medium, the 

somatic embryos turned into complete plantlets, with 
shoot and root (Figure 2E). 
 
 

Acclimatization of the clonal seedlings and 
commercial pre-nursery establishment 
 

After 90 day in the germination medium, 92% of the 
plantlets were acclimatized successfully demonstrating 
that the method used for this purpose was efficient. The 
process of acclimatization was completed at 90 days, 
when plants reached a height of approximately 25 cm 
and 4 expanded leaves. A total of 158 ramets (plants) of 
each elite genotype was sent to the company, which 
were established in pre-nursery (Figure 2F) with this 
plantation already established (Figure 2G). 
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Figure 2. Somatic embryogenesis from leaf explants of the oil palm. A: Callus with nodular-defined globular 
structures with beige to light yellow color formed at the end of leaf explants after 90 days of cultivation in vitro through 
induction. B: Embryogenic lineage with nodular structures and yellowing after 60 days of in vitro culture in 
multiplication medium. C: Somatic embryos with white color adhered to each other, obtained after 60 days of in vitro 
culture of embryogenic lines in regeneration medium. D: Somatic embryos in germination medium, with stretching 
and color changing. E: Seedlings obtained after 60 days of in vitro culture in germination medium. F: First Brazilian oil 
palm clone obtained after 12 months of somatic embryogenesis induction in adult plant oil palm. G: Genotype clones 
A-02 established in commercial plantations. Bars: A, B and C equal to 3 mm; D and E equal to 1.5 cm. 

 
 
 
Table 3. Classification of the 32 oil palm genotypes (E. guineensis Jacq.) selected for cloning through somatic embryogenesis using 
putrescine, for the capacity of formation and multiplication of embryogenic lines.  
 

Multiplication capacity of embryogenic 
lines  

Percentage of genotypes 
(%) 

Genotypes 

Null 34.37 
A-01; A-03; A-06; A-11; A-12; A-19; A-23; A-24; A-25; A-
27; A-32 

Low 25 A-05; A-07; A-09; A-14; A-22; A-26; A-29; A-13 

Moderate 12.5 A-04; A-18; A-30; A-31 

High 28.12 A-02; A-08; A-10; A-15; A-16; A-17; A-20; A-21; A-28 
 

*Null: genoTypes that have not formed embryogenic lines. Low: genotypes formed embryogenic lines that increased twice the initial size. Moderate: 
genotypes that showed embryogenic lines that increased up to three times the initial size. High: genotypes that formed embryogenic lines with 
multiplication capacity by up to five times the initial size. 

 
 
 
The required time for somatic embryogenesis in oil palm 
using procedures proposed here from obtaining of the 
foliar explants to acclimatization of the plants, was up to 
360 days, and the putrescine was a promissory 
alternative to substitute the cytokinin, ensuring the 
success of obtaining oil palm clones in reduced time. The 
first Brazilian clones of oil palm from adult plants were 
obtained with success in this work. There is still need to 
evaluate the performance of these materials in the field, 
for the “mantled flower” emergence. 

DISCUSSION  
 
Tissue culture through somatic embryogenesis is an 
attractive alternative to massively propagate elite 
genotypes of oil palm (Ooi et al., 2013). Nevertheless, the 
efficiency of plan regeneration is strongly associated with 
the chosen type of explant. The most used explants for 
induction of somatic embryogenesis are immature 
leaflets, which are more responsive and offer less risks of 
contamination.    These   structures   are   found     to   be 



 

 
 
 
 
protected from microorganisms contact, and are wrapped 
by old leaves inside the palmito, thus not requiring severe 
disinfestation methods that could cause damage to the 
explants (Corley and Tinker, 2003). This has been proven 
by the low index of contamination observed in the tested 
genotypes. In this study, the extraction of immature 
leaves caused no damage to the donor plants, opposite 
to what is described in the literature (Corley and Tinker, 
2003), being the donor plants completely healthy and 
recovered after months of the extraction. 

The doses of 2,4-D used to induce somatic 
embryogenesis in this work (800 uM) was high as 
compared to those described by other authors, who 
recommend concentrations of 2,4-D that vary from 10 to 
450 µM (Yusnita and Hapsoro, 2011; Scherwinski-Pereira 
et al., 2010; Rajesh et al., 2003;). In general, in oil palm, 
high auxin concentrations are always used in the 
presence of activated charcoal (AC) (Yusnita and 
Hapsoro, 2011). In this work, this high concentration of 
auxin with AC was proved efficient for inducting 
embryogenesis in oil palm, leading to formation of callus 
in all tested genotypes. 

The percentage of explants that formed callus varied 
among crossing groups as well among genotypes of the 
same group. Silva et al. (2012) and Thawaro and Te-
chato (2009) considered that the response to induction of 
somatic embryogenesis in oil palm is a characteristic 
dependent on the genotype. The response can also vary 
among explants of the same genotype, and are related to 
the physiological state of the involved. According to Ooi 
et al. (2012), the sensibility of tissues to the induction of 
somatic embryogenesis is deeply related to the 
endogenous level of auxin present in the explants. The 
endogenous level of auxin can be increased from 
exogenous application of 2,4-D, thus stimulating the 
totipotency of cells (Gueye et al., 2009).  

The formation of embryogenic lines, assured cloning of 
65.62% of the tested genotypes. Moreover, a great part 
of these genotypes (40.62%) produced lines with 
moderate and high multiplication capacity. This allows 
this method to be used for cloning at a commercial scale 
of these genotypes. As compared to reports made by 
Soh et al. (2011) and Kushairi et al. (2010) where low 
efficiency of the cloning process with success rates of 3 
to 6% was mentioned, the adopted cloning process in this 
work can be considered efficient. Kushairi et al. (2010) 
claimed that the rate of somatic embryogenesis in oil 
palm is low due to modifications made to the cloning 
protocols in order to avoid the appearance of the 
“mantled flower”, a floral abnormality that occurs in plants 
from the in vitro culture, affecting severally the 
productivity potential due to the production of 
parthenocarpic fruits (Corley et al., 1986). 

The main modification in micropropagation protocols of 
oil palm adopted to control “mantled flower” was the 
reduction or even elimination of cytokinin as multiplication 
inductor in culture medium (Eeuwens et al., 2002; Jaligot  
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et al., 2002; Jaligot et al., 2011) believing that cytokinin 
stimulates the hypomethylation of DNA, which results in a 
homeotic transformation of the floral organs. As negative 
consequence of this, the “mantled flower” appears in 
micropropagated plants of oil palm (Eeuwens et al., 2002; 
Ong-Abdullah et al., 2015). In the protocol used in this 
work, cytokinin was successfully substituted with the 
polyamine “putrescine”. In others palms, such as 
coconut, Rajesh and Karun (2014) suggested an 
important role for polyamines in somatic embryogenesis. 
Polyamines in plants can serve as intracellular mediators 
of hormonal activity (Redha and Suleman, 2014) and are 
involved in diverse physiological processes in plants, 
including embryogenesis and organogenesis (Alcázar et 
al., 2010), protection of DNA against damages caused by 
reactive oxygen species (ROS) (Ha et al., 1998), and in 
the control of DNA methylation (Brooks et al., 2010). 

Polyamines play a stabilizing role on nucleic acids by 
binding to phosphate groups, and in particular, they form 
complexes with DNA, this binding leads to stabilization of 
the nucleic acid structure or changes in their 
conformation (Hou et al., 2001).  

Besides the use of putrescine to substitute cytokinin 
which is successful in all the stages of somatic 
embryogenesis in oil palm, the proposed protocol was 
efficient in relation to the necessary time for production of 
clonal seedlings (up to 360 days). As compared to 
literature descriptions, this time is considerably shorter. 
Wong et al. (1999) reported that 12 months is the time 
spent just to obtain callus. In more recent works, Soh et 
al. (2011) reported that after modifications of the actual 
protocols to avoid appearing of “mantled flower”, these 
became ineffective in relation to the necessary time to 
produce clones. For these authors, the time spent from 
explant preparation to the obtaining of clones is 29 
months. When a liquid system is used, this time is 
reduced to 18 months, which is still longer than the time 
described in this work. 

From the results of this work, it was not possible to 
state that putrescine will inhibit the appearance of 
“mantled flower” from the obtained clones, since this 
demands years of field evaluation. However, it is possible 
to assure that putrescine was efficient for substituting 
cytokinin, in function of the multiplication of embryogenic 
lines, regeneration of somatic embryos and germination 
and obtaining of the plants in reasonably short time. In 
this context, conduction of phenotypic analysis for the 
appearance or not of the “mantled flower” is suggested, 
once clones have reached productive age.   

 
 

Conclusion 
 

The proposed protocol is efficient for the procedure of 
extracting foliar explants, not compromising the growing 
of the matrix plant. The response to somatic 
embryogenesis in oil palm can be  considered  genotype- 
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dependent, where a great part of the tested genotypes 
showed responsiveness to the used technique. 
Putrescine is a promising alternative for substituting 
cytokinin and guarantees the success in obtaining clones 
of oil palm in reduced time. Then, this protocol is 
recommended for propagation of oil palm clones at a 
commercial scale. The first Brazilian clones of oil palm 
from adult plants were obtained successfully in this work. 
Yet, it is necessary to evaluate the performance of these 
materials in field, with regards to the appearance of the 
“mantled flower”.  
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