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Sugarcane is an important crop in the country economically, politically and sociologically. It is the 
second largest agro-industry next to textiles. The selection and combination of parents for crossing rely 
on an understanding of their genetic structures and molecular diversity. In the present study, 28 
sugarcane genotypes were used for genomic diversity analyses based on 30 randomly amplified 
polymorphic DNA markers (RAPD). These 30 sets of RAPD marker generated a total of 277 discernible 
and reproducible bands which included 179 polymorphic and 98 monomorphic bands. The unweighted 
pair group method with arithmetic average (UPGMA) analysis revealed six distinct clusters: I, II, III, IV, V 
and VI within the 28 genotypes. The polymorphic information content value per locus ranged from 0.21 
for the OPA12 locus to 0.53 for OPH05, with an average of 0.40 for all loci. The range of genetic distance 
or coefficient of similarity among sugarcane genotypes were 0.08-1.00. The analysis of these similarities 
matrix revealed that greater similarity between Co 05011 and Co 0237, Co 05011 and Co 0241 (1.00), and 
lowest similarity between CoSe 03234 and CoS8432 (0.08). The knowledge obtained in this study will be 
useful to future breeding programs for increasing genetic diversity of sugarcane varieties and cultivars 
to meet the demand of sugarcane cultivation for sugar and bioenergy use. 
 
Key words: Sugarcane, random amplified polymorphic DNA (RAPD) marker, genetic diversity, unweighted pair 
group method with arithmetic average (UPGMA). 

 
 
INTRODUCTION 
 
Sugarcane is a commercial crop that belongs to genus 
Saccharum officinarum L. (Poaceae), and contributes 
nearly 70% sugar production worldwide. The crop is 
cultivated in more than 90 countries all over the world. 
Sugarcane is mainly used for white sugar production but 

recent emphasis is also being given on production of 
biofuel like ethanol. It is an alternate source of energy 
and its production from sugar and or by products like 
molasses also makes sugarcane a future biofuel plant 
(Singh et al., 2010). Sugarcane is among the major 
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Table 1. Characteristics of selected twenty eight sugarcane genotypes. 
 

Variety Parent Type 

CoS 08272 CoSe 92423 GC cross  Early 

CoSe 98239 CoS 7927 x Co 775 Early 

CoS 8436 MS 6847 x Co 1148 Early 

CoSe 03234 Bo 91 x PCGC cross Early 

Co 98014 Co 8316 x Co 8213 Early 

Co 0118 CoS 8347 x Co 86011 Early 

CoSe 01424 Bo 91 x Co 453 Early 

Co 0238 CoLk 8102 x Co 775 Early 

CoC 671 Q 63 x Co Early 

CoJ 64 Co 976 x Co 617 Early 

Co 1148 P4383 x Co 312 Unknown 

CoS 95255 Co 1158 x Co 62198 Early 

UP 9530 CoSe 1084/86 x CoSe 22/85 Midlate  

CoSe 1434 Co 880239 x Co 775 Midlate  

CoS 08279 CoLk 8102 x Co89803 Midlate 

CoS 7250 CoS 8436 x Co 775 Midlate 

Co 05011 CoS 8436 x Co 89003 Midlate 

CoSe 92423 Bo 91 x Co 435 Midlate 

CoS 96275 CoS 8119 x Co 62198 Midlate 

CoS 96463 Unknown Early 

UP 49 CoSe 92423 x UP 9742  Midlate 

CoS 8432 MS6847xCo1148 Unknown 

CoSe 98231 CoS7927xCo775 Unknown 

Co 0237 Co 93016 GC Unknown 

Co 0240 Unknown Midlate 

Co 0241 Unknown Midlate 

CoS 6287 Unknown Midlate 

CoS 8276 Unknown Midlate 
 
 
 

economic crops in the world and is the raw material for 
sugar and ethanol production as also as other by-
products having the most efficient energetic balance 
(input over output) when compared with other energetic 
crops such as maize, sorghum and wheat (Lam et al., 
2009). Brazil is the world leader in sugarcane production 
next to India with approximately 570 million tonnes of 
sugarcane, 31 millions of tonnes of sugar and 26 billions 
of litters of ethanol per year (UNICA, 2011). 

Genetic diversity can be estimated based on different 
methods, morphological traits, pedigree record and 
molecular markers. The use of molecular markers for 
evaluation of genetic diversity is receiving much more 
attention. Molecular marker is potentially a valuable tool 
for crop improvement. Molecular markers play a role to 
portray genetic variability in several crops. Nowadays, 
fingerprinting system based on random amplified 
polymorphic DNA (RAPD) analysis have been increas-
ingly utilized for detecting polymorphism in those genera 
which has no prior sequence information. Due to 
technical simplicity and speed, RAPD methodology has 
been used for diversity analysis in many plant species 
(Tonk et  al., 2011). RAPD  markers  have several advan- 

tages over other polymorphism detection techniques 
including RFLP and other markers. These include 
quickness, relatively easy assay, and requirement for 
small amount of template DNA, no requirement of DNA 
sequence information and use of fluorescence. Because 
of these advantages, RAPD are commonly used to 
characterize variability (Vijay et al., 2009). There have 
been substantial reports of genetic diversity analysis of 
different crops including sugarcane plants using RAPD 
molecular markers (Singh et al., 2010a, b; Zhang et al., 
2004, 2008; Pandey et al., 2012; Tabasum et al., 2010). 
 
 
MATERIALS AND METHODS  

 
Plant material and DNA isolation  
 
Pot experiment was laid out by planting 28 sugarcane genotypes 
(Table 1), based upon highly contrasting morphological feature 
obtained from gene pool of Sugarcane Breeding Institute, Regional 
Station (SBI-RS) Karnal, Haryana and Sugarcane Research 
Station, Muzaffarnagar, U.P. India. Fresh leaves collected, were 

dipped in liquid nitrogen and used to isolate DNA applying CTAB 
method (Hoisington et al., 1994) with some modifications. 500 mg 
leaf tissues were ground in liquid N2 and mixed in 8 ml of
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Table 2. RAPD primer pairs used in this investigation. 
 

Primer 
code  

Primer sequence 
Amplicon 
size (Kb) 

Total 
bands 

Monomorphic 
bands 

Polymorphic 
bands 

% 
Polymorphism 

PIC 
value 

OPH-03 5’-AGACGTCCAC-3’ 0.3-2.5 8.0 3.0 5.0 62.5 0.28 

OPH-04 5’-GGAAGTCGCC-3’ 0.2-1.5 10.0 3.0 7.0 70.0 0.51 

OPH-05 5’-AGTCGTCCCC-3’ 0.3-2.5 7.0 2.0 5.0 71.4 0.53 

OPH-07 5’-CTGCATCGTG-3’ 0.2-3.0 11.0 2.0 9.0 81.8 0.44 

OPH-09 5’-TGTAGCTGGG-3’ 0.4-1.5 8.0 3.0 5.0 62.5 0.33 

OPH-12 5’-ACGCGCATGT-3’ 0.3-2.0 10.0 5.0 5.0 50.0 0.27 

OPH-19 5’-CAAACGTCGG-3’ 0.3-1.7 9.0 3.0 6.0 66.7 0.53 

OPA-03 5’-AGTCAGCCAG-3’ 0.4-1.8 12.0 4.0 8.0 66.7 0.27 

OPA-02 5’-GAGGATCCCT-3’ 0.2-2.5 8.0 3.0 5.0 62.5 0.33 

OPC-19 5’-GTTGCCAGCC-3’ 0.2-1.5 11.0 4.0 7.0 63.6 0.29 

OPE-02 5’-GGTGCGGGAA-3’ 0.3-2.8 9.0 3.0 6.0 66.7 0.39 

OPA-01 5’-CAGGCCCTTC-3’ 0.3-2.5 10.0 4.0 6.0 60.0 0.37 

OPA-04 5’-AATCGGGCTG -3’ 0.4-1.5 12.0 4.0 8.0 66.7 0.35 

OPA-05 5’-AGGGGTCTTG-3’ 0.2-2.0 10.0 3.0 7.0 70.0 0.37 

OPA-07 5’-GAAACGGGTG-3’ 0.2-1.5 8.0 4.0 4.0 50.0 0.45 

OPA-09 5’-GGGTAACGCC-3’ 0.2-2.5 5.0 1.0 4.0 80.0 0.43 

OPA-10 5’-GTGATTCGCAG-3’ 0.3-2.5 9.0 4.0 5.0 55.6 0.51 

OPA-11 5’-CAATCGCCGT-3’ 0.3-3.0 11.0 4.0 7.0 63.6 0.35 

OPA-12 5’-TCGGCGATAG-3’ 0.2-2.5 8.0 4.0 4.0 50.0 0.21 

OPA-13 5’-CAGCACCCAC-3’ 0.4-3.0 12.0 5.0 7.0 58.3 0.29 

OPA-15 5’-TTCCGAACCC-3’ 0.2-2.5 7.0 2.0 5.0 71.4 0.37 

OPA-16 5’-AGCCAGCGAA-3’ 0.3-2.8 8.0 3.0 5.0 62.5 0.51 

OPA-17 5’-GACCGCTTGT-3’ 0.2-2.4 10.0 3.0 7.0 70.0 0.55 

OPA-18 5’-AGGTGACCGT-3’ 0.2-1.8 10.0 4.0 6.0 60.0 0.43 

OPA-19 5’-CAAACGTCGG-3’ 0.2-2.0 8.0 2.0 6.0 75.0 0.51 

OPE-05 5’-TCAGGGAGGT-3’ 0.3-2.4 8.0 3.0 5.0 62.5 0.39 

OPA-20 5’-GTTGCGATCC-3’ 0.3-2.5 10.0 2.0 7.0 70.0 0.51 

OPA-20 5’-GTTGCGATCC-3’ 0.2-3.0 7.0 3.0 4.0 57.1 0.44 

OPAB-8 5’-GTCCACACGG-3’ 0.3-3.2 11.0 4.0 8.0 72.7 0.37 

OPAB-11 5’-GTAGACCCGT-3’ 0.2-2.7 10.0 4.0 6.0 60.0 0.52 

 
Average 

 
9.2 3.3 6.0 64.7 0.40 

 
 

 

prewarmed CTAB extraction buffer (2% (w/v) CTAB, 20 mM EDTA, 

1.4 M NaCl, 100 mM Tris-HCl (pH 8.0), and 0.2% (v/v) β-
mercaptoethanol with 2% PVP (w/v) added immediately prior to use 
and incubated at 65°C for 1 h. The content was mixed with equal 
volume of chloroform : isoamyl alcohol (24:1) and subjected to 
centrifugation for 10 min at 12,000 rpm at 4°C. Sample was taken 
out from ultracentrifuge and aqueous phage was pipetted out in a 
25 ml autoclaved tube. Equal volume of chilled iso-propanol was 
added in aqueous phage to precipitate the DNA. Precipitated 
threads of DNA were pipetted out in a 2 ml appendoff using wide 
bore tip followed by centrifugation at 12,000 rpm for 10 min. Milky 
white pellet was washed with 70% alcohol; air dried, and 
resuspended in 10 mM Tris, at pH 8.0. To degrade RNA content, 
RNAse treatment was given for 1 h at 30°C. The quality and 
quantity of the genomic DNA was checked on 0.8% agarose gel 
and diluted appropriately for working concentration of 25 ng/μl.  
 
 

RAPD marker genotyping 
 

The polymerase chain reaction was performed in a thermal cycler 
(MyGene, MG96G”) using 30 RAPD primers synthesised by 

Banglore Genei, India. The PCR was carried out in 25 µl reaction 

volume containing genomic DNA (50 ng), 1.5 mM MgCl2, 1.2 mM 
dNTPs, 0.7 μl (1U/ μl) Taq DNA polymerase and 30 ng primer 
(Table 2). The cycling conditions included initial cycle of 
denaturation at 94°C for 4 min followed by repeated 35 cycles of 
denaturation at 94°C for 45 s, annealing differ for each primers for 
45 s and extension at 72°C for 60 min. After completion of 35 
cycles, a final extension at 72°C for 5 min was carried out and 
finally held at 4°C. The amplified products resulting from different 
primers were resolved on 1.4% agarose gel and analyzed by 
standard ethidium bromide staining and finally photographed using 
gel documentation system (Alfa Innotech, USA). The PCR 
amplification was performed twice with each primers and band 
scoring was done accordingly. 
 
 

Amplicon scoring 
  

The bands resulting from different sets of RAPD primers for 

different populations of S. officinarum were scored on agarose gel 
photograph in gel documentation system for its presence and 
absence across the populations collected (Figures 1 and 2). The
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Figure 1. RAPD amplification of genomic DNAs of Saccharum and related genera used in this study using 

RAPD primer OPA-19. M, gene ruler 100 bp DNA ladder; Lane 1, CoS 08272; 2, CoSe 98239, 3, CoS 
8436; 4, CoSe 03234; 5, Co 98014; 6, Co 0118; 7, CoSe 01424; 8, Co 0238; 9, CoC 671; 10, CoJ 64; 11, 
Co 1148; 12, CoS 95255; 13, UP 9530; 14, CoSe 1434. 

 
 
 

 
 
Figure 2. RAPD amplification of genomic DNAs of Saccharum and related genera used in this study 

using RAPD primer OPA-19. M, gene ruler 100 bp DNA ladder; Lane 15, CoS 08279; 16, CoS 7250; 17, 
Co 05011; 18, CoSe 92423; 19, CoS 96275; 20, CoS 96463; 21, UP 49; 22, CoS 8432; 23, CoSe 
98231; 24, Co 0237; 25, Co 0240; 26, Co 0241, 27; CoS 6287; 28, CoS 8276. 

 
 
 
image profiles of banding patterns were recorded and molecular 
weight of each bands were determined by DNA ladder. The results 
were analysed based on the principle that a band is considered to 

be polymorphic if it is absent in at least one individuals or 
accessions. Similarity index of bands which were common between 

two accessions was estimated by Nei and Li (1979). The final 
RAPD data generated with 30 RAPD primers were used to 
calculate pair wise similarity coefficients using Jaccard’s coefficient 

of similarity (Jaccard, 1908). The cluster analysis and dendrogram 
construction were performed with NTSYS-PC (version 2.02e) 
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Figure 3. Dendrogram for 10 sugarcane genotypes showing the genetic similarities derived from UPGMA cluster 

analysis using the jaccard similarity coefficient. 

 
 
 
software for generating phylogenetic tree using the unweighted pair 
group method with arithmetic average (UPGMA) method (Nie and 
Li, 1979).  
 
 

RESULTS AND DISCUSSION 
 

For RAPD analysis, a total of 30 primer pairs were 
screened, and used for polymerase chain reaction (PCR) 
amplification (Table 2). The PCR product was 
electrophoresed on 1.4% agarose gels (Figures 1 and 2). 
Bands were counted and the presence and absence of 
bands were scored as 1 and 0, respectively. The PCR 
amplicons sizes ranged from 0.26 to 3.2 Kb. These sets 
of primers revealed intra-specific variations. A total of 277 
bands were scored with 179 polymorphic and 98 
monomorphic bands (Table 2). The 28 sugarcane 
genotypes were clustered based on the matrix of genetic 
similarities using UPGMA. The cluster analysis and 
dendrogram construction were performed with NTSYS-
PC (version 2.02e). Using 30 RAPD markers, a total of 
277 alleles were detected among 28 sugarcane 
genotypes studied. The average number of allele per 
locus was 9.2. Dendrogram was constructed based on 
genetic distance calculated from 277 alleles generated 
from 28 sugarcane genotypes. The UPGMA cluster tree 
analysis led to the grouping of the 28 sugarcane 
genotypes into six major clusters (Figure 3). Cluster I, the 
largest cluster comprised nine sugarcane genotypes 
among selected 28 sugarcane genotypes. Cluster II 

comprised four sugarcane genotypes. Clusters III and IV 
were the smallest cluster comprised only one sugarcane 
genotype, CoS96463 and CoS7250 respectively. Cluster 
V, the second largest cluster comprised seven sugarcane 
genotypes among selected 28 sugarcane genotypes 
while cluster VI the third largest cluster comprised six 
sugarcane genotypes among selected 28 sugarcane 
genotypes. The PIC value per locus ranged from 0.21 for 
the OPA12 locus to 0.53 for OPH05, with an average of 
0.40 for all loci (Table 2). The range of genetic distance 
or coefficient of similarity among sugarcane genotypes 
were 0.08-1.00. The analysis of these similarities matrix 
revealed that greater similarity between Co 05011 and 24 
Co 0237, Co 05011 and 26 Co 0241 (1.00), and lowest 
similarity between CoSe 03234 and CoS8432 (0.08) 
(Figure 3). Those cultivars that display similar coefficient 
of matrix are genetically close to one another and vice-
versa. Similar studies or observation was reported by 
many researchers worldwide previously (Pandey et al., 
2012; Tabasum et al., 2010).  

Therefore, the present investigation reported the results 
of a study on the genetic diversity among 28 accessions 
of sugarcane revealed by RAPD. Using RAPD as genetic 
markers, as high as 81.8% polymorphic bands were 
detected in 28 accessions of sugarcane; similar studies 
were conducted previously by Burner et al. (1997) and 
Nair et al. (2002). This study will facilitate in marker-
assisted applications in sugarcane breeding. The present 
investigation  is an initial  step  to  evaluate  the molecular  



 
 
 
 
diversity of  this critically complex genome and polyploidy 
nature of different sugarcane accessions. Therefore, 
further work is required to promote molecular markers 
like genomic simple sequence repeats (gSSRs) and 
expressed sequence tagged based simple sequence 
repeats (EST-SSRs) can be utilized. This study will be a 
boon to conserve sugarcane in vitro and ex-situ as well 
identification of parents for breeding improvement 
programme and also to fulfil the growing demand at 
national and inter-national market. 
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Millet crop is an important cereal for food security and the fight against poverty and malnutrition in the 
arid Sahel. It is a staple grain for millions of people in West Africa and India. It has the advantage of 
tolerating drought-prone environments and low fertility soils. Recent climate change exacerbates the 
phenomenon of drought; hence, improving pearl millet drought tolerance became a present necessity. 
The present study was conducted to determine an in vitro screening method for drought tolerance, 
based on the use of polyethylene glycol (PEG) of molecular weight 6000 Da. This experiment was 
carried out with one millet genotype (HKP), promoted by the agricultural official services. The effect of 
PEG6000, with varying concentrations from 0 to 40% (w/v), on germination percentage, coleoptiles 
emergence, shoot and root length, shoot and root weight and root/shoot ratio were analyzed. Data were 
used to determine the lethal dose for 50% growth inhibition (LD50), which was applied for drought 
tolerance screening. Significant differences were observed for all the characters under different PEG 
concentrations. LD50 was 262 g/L for the germination percentage and 242 g/L for coleoptiles emergence. 
 
Key words: Pearl millet, water stress, polyethylene glycol, LD50.  

 
 
 
INTRODUCTION 
 
Of all domesticated cereals, pearl millet is the most 
drought tolerant plant (Squire et al., 1987; CGIAR, 2006), 
with high quality grain. It is the main crop cultivated in the 
difficult agronomic conditions of the semi-arid tropics of 
Africa and Asia and contribute to the diet of millions of 
people (Andrews and Bramel-Cox, 1994; Kumar, 1989). 

The productivity in this arid zone is very low, due to the 
low and erratic rainfall. Given the rapid increase in 
population in this zone, there is a need for breeding 
drought tolerant varieties. 

Uncertainty of rainfall is critical especially at the 
beginning of the cycle, after crop emergence. The chal- 
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Table 1. Pearl millet seed germination percentage as affected by 
polyethylene glycol (PEG) 6000, three days after incubation. 
 

Treatment Germination % Coleoptiles emergence% 

PEG 6000 (bars) 
 

 

Control   (0.0) 96
a
 ±5.2 94

a
 ±5.2 

10.0%  (-1.0) 95
a
 ± 5.3 92

a
 ± 9.2 

20.0%  (-3.9) 93
a
 ± 8.2 89

a
 ± 12.0 

30.0%  (-8.4) 50
b
 ± 18.3 7

b
 ± 0.8 

32.5% (-9.8) 7
c
 ± 1.0 0

c
 ± 0 

35.0% (-11.3) 8
c
 ± 1.0 0

c
 ± 0 

37.5% (-12.9) 2
c
 ± 0.4 0

c
 ± 0 

40.0% (-14.7) 0
d
 ± 0.0 0

c
 ± 0 

 

In the same column. values with the same letter are not 
significantly different (Newman and Keuls Test at 5% level). 

 
 
 
lenge is to obtain seed that have a high production 
capacity, in a short period of time after germination and 
that develop adequate root biomass to colonize deeper 
soil layers. Drought constitutes one of the most important 
environmental stress factors limiting plant growth 
(Sivakumar, 1992). Large areas of drylands are 
threatened unproductive due to human activities and 
recent unfavorable climate change. In order to cultivate 
plants in such countries, attempts have been made 
(Saidou, 2011) to develop water stress tolerant lines. 

Millet is one of the best stress tolerant plants in the 
world (ICRISAT, 1987). It is the staple crop of 30 million 
populations in the dry region of the Sahel and in India. 
Due to climate change, increasing drought is responsible 
of significant fraction of yield loss. Breeding and 
production of improved varieties well adapted to new 
heavy water stress are urgent requirement. Polyethylene 
glycol (PEG) of high molecular weight has long been 
used to simulate water stress in plant growth as 
described by previous works (Kaufmann and Eckard, 
1978; Tazi et al., 2003; Zgallaï et al., 2007; Kouakou et 
al., 2008; Fan et al., 2012). The aim of this work is to 
measure the effect of PEG on germination and seedling 
growth of pearl millet, to determine the LD50 to be used 
for screening for drought tolerance. 
 
 
MATERIALS AND METHODS 

 
The experimental material used was pearl millet, genotype HKP, a 
cultivar promoted by the National Agronomic Research Institute, for 
its different interesting traits (Relatively early cycle, good 
performance, medium tillering, medium cob and large seed). Seeds 
(mature embryos) were obtained from the Biotechnology and Crop 
Improvement Laboratory of the National Radio Isotopes Institute of 
the University of Niamey. The experiment was conducted during 
April to May 2011, in the Plant Biotechnology laboratory of ULB 
University of Brussels. Water stress was applied using seven 

concentrations of PEG6000, corresponding to -1.0; -3.7; -8.0; -9.8; -
11.3; -13.0 and - 14.7 bars of water potential. These water potential 
were obtained by adding in 1000 ml of deionized pure water, 

respectively: 100; 200; 300; 325; 350; 375 and 400 g of PEG6000, 
following the method of Lawlor (1970) and Michel (1983). 

Seeds were surface sterilized by soaking them first in 70% 
alcohol for 30 s, and then in 5% calcium hypochlorite for 10 min. 
Seeds were finally rinsed five times with pure sterile water. 
Sterilized seeds were germinated in Petri dishes (90 mm diameter) 
on filter paper soaked with 2 ml of the different concentrations of 
PEG6000, with 10 seeds per Petri dish. To reduce moist 
evaporation, the Petri dishes were sealed with sterilized Parafilm. 

Each Petri dish is a repetition and there are 10 replicates per dose 
of PEG. The incubation took place for one week, continuously in 
darkness, at approximately 37°C, to simulate the natural conditions 
of pearl millet seeds germination, even though it was reported that 
germination percentage is optimal at 25 to 30°C for P. glaucum 
(Mortmock and Vanderlip, 1989). Polyethylene glycol of high 
molecular weight is inert, non-ionic. They are small enough to 
influence the osmotic potential, but large enough to not be 
absorbed by plant. They could lower the osmotic potential of the 
nutrient solution without been taken up or been phytotoxic (Lawlor, 
1970).  

Germination percentage was recorded at the third day of 
incubation. Root and coleoptiles length as well as their respective 
weights were evaluated after seven days of culture. A seed is 
recorded as germinated when the root is visible and at least 1 mm 
in length. 
The experiment layout was a randomized complete design with one 

factor; PEG6000 concentration, with 10 replications. Data were 
analyzed with one factor analysis of variance (ANOVA), with Excel 
(2007) and means were separated with Newman and Kheuls test at 
5%. 
 
 

RESULTS  
 

PEG and germination percentage 
 

Water stress induced by PEG had significant effects on 
both the seed germination and the seedling emergence 
(Table 1, Figures 1 and 2). The germination per-centage 
varied between 0% for the highest dosage (40% PEG = -
14.7 bars) to 96% for the control (0 bar). Low PEG 
dosages (0; 10 and 20%) did not have any significant 
effect on the germination percentage of the pearl millet 
seeds, while high dosages of 30 to 40% negatively 
affected seed germination percentage. 
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Figure 1. Effects of water stress induced by Polyethylene Glycol (PEG) 6000 on germination 

percentage in pearl millet. The control (free water) is taken as 100% germination.  

 
 
 

Table 2. Pearl millet shoot and root length and weight and root/shoot ratio as affected by Polyethylene Glycol (PEG) 6000. 
Seven days after incubation. 

 

Treatment Shoot length (cm) Root length (cm) Shoot Weight (g) Root Weight (g) Root/Shoot ratio(w/w) 

PEG6000 (bars) 
 

    

Control (0.0) 7.66
a
 ±0.7 14.4

b
 ±1.1 38.3

a
 ±5.4 12.9

a
 ±5.8 0.34

c
 ±0.15 

10% (-1.0) 6.17
b
 ± 0.4 18.6

a
 ± 1.2 23.2

b
 ± 1.0 13.9

a
 ± 4.5 0.60

b
 ± 0.20 

20% (-3.9) 3.24
c
 ± 0.3 7.9

c
 ± 1.6 11.1

c
 ± 1.9 13.0

a
 ± 4.5 1.16

a
 ± 0.36 

Probability/sign. 0.013 0.029 <0.0001 ns <0.0001 
 

In the same column, values with the same letter are not significantly different (Newman and Keuls Test at 5% probability level). 

 
 
 
PEG and root length 
 
At 10% PEG the root length was significantly higher than 
at 20% PEG. The higher concentrations caused a slower 
development of root (Table 2). Low concentrations of 
PEG induced a rhizo-stimulation. The mean root length 
varied from 7.9 cm for the high PEG concentration (20%) 
to 18.6 cm for the low dosage of PEG. 
 
 
PEG and shoot length 
 
There was no shoot and root emission above 20% PEG 
and analysis of seedling shoot growth was restricted to 
the two doses 10 and 20% compared to control (Table 2). 
Shoot length was significantly lower with an increase in 
PEG concentration. Shoot length showed reduced values 
from 7.66 cm for the control to 3.24 cm for the highest 
concentration (20%). 

PEG and root weight 
 
Comparable growth was observed between control, 100 
and 200 g/l concentrations of PEG (Table 2). Root weight 
was not significantly influenced by the treatments 
between 0 and 200 g/L. The decline in root length with an 
increase in PEG concentration did not have an effect on 
the root weight. This means that the roots might have lost 
volume or became thinner with an increasing in PEG 
concentration. 
 
 
PEG and shoot weight 
 
Mean shoot fresh weight varied significantly from 38.3 g 
for control (0.0 bar) to 11.1 g for 20% PEG concentration 
(-3.9 bar). Shoot fresh weight was significantly lower with 
an increasing in PEG concentration (Table 2). The 
decrease in water potential by increasing the PEG 
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Figure 2. Effects of water stress induced by polyethylene glycol (PEG) 6000 to 
emergence percentage in pearl millet. The control (free water) is taken as 100% 
emergence. 

 
 
 

 
 
Figure 3. Pearl millet germination percentage as affected by Polyethylene 

Glycol (PEG) of molecular weight 6000, three days after incubation. LD50 

determination.   

 
 
 
concentration had similar effects on the shoot length and 
shoot fresh weight. Results showed that the shoots were 
more sensitive to PEG concentration than the roots; 
however in field conditions the roots were the first to 
detect the water stress and to initiate the first signal.  
 
 
PEG and root/shoot ratio 
 
The root/shoot ratio ranged from 0.34 (w/w) for the 
control to 1.16 (w/w) for the highest PEG concentration 
(20%) and showed an increase with an increase in PEG 
concentration. This result shows that the shoot was more 
sensitive to water deficit induced by PEG. 

Lethal Dose of 50% growth inhibition determination 
(LD50) 
 
The data concerning germination percentage and 
coleoptiles emergence were used to calculate the Lethal 
Dose for 50% growth inhibition. This value was used as 
screening criteria for drought tolerance in pearl millet 
crop. The germination percentage as well as the 
coleoptiles emergence showed negative correlation with 
increasing concentration of PEG6000 (Figures 3 and 4). 
Regression analyses revealed that for every one unit 
increase in dose, germination percentage decreased with 
0.393 units while coleoptiles emergence decreased with 
0.483 units. The determination coefficients (R

2
) were 0.88  
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Figure 4. Pearl millet coleoptiles emergence percentage as affected by Polyethylene 

Glycol (PEG) of molecular weight 6000, seven days after incubation. LD50 

determination. 

 
 
 
and 0.86 for germination percentage and coleoptiles 
emergence, respectively.  
 
Yger% = -0.393 X + 151.1    
Ycol% = -0.483 X + 162.0  
   
Where 
 
Y is the relative growth in percent 
X is the PEG6000 concentration in % (g PEG/100 g 
water). 
 
 
Using the above formula, the LD50 is the X value 
calculated for Y equal to 50. The values obtained were: 
262 g/L for germination percentage and 242 g/L for 
coleoptiles emergence. These values indicated the 
concentrations of PEG6000 that would induce a reduction 
of 50% in germination and emergence of coleoptiles. The 
principle of screening is to identify lines or varieties with 
germination and emergence percentages above 50% 
with the LD50. In this study, the results allowed us to 
screen for drought tolerant mutants of pearl millet 
obtained by gamma irradiation mutation induction 
techniques. 
 
 
DISCUSSION 
 
Low PEG dosages (0; 10 and 20%) did not have any 
significant effect on the germination percentage of pearl 
millet seeds, while higher dosages (30 to 40%) negatively 
affected germination. This result was in agreement with 
several previous reports (Van Der Weerd, et al., 2002; 

Radouane, 2007; Farsiani and Ghobadi, 2009; 
Govindaraj et al., 2010). At 30% PEG, the germination 
rate was reduced to 50% compared to the control. It was 
below10% with PEG concentrations above 30%. At a 
high PEG dosage (40%), there was no germination. 
Water hydraulic conductivity is too low and germination 
process was strongly reduced. The upper limit of the 
physiological activities (pF 4.2) is perhaps reached. 
However, working on Tunisian ecotypes of pearl millet, 
Radhouane (2007) reported more than 50% germination 
with a high concentration of PEG (equivalent of -2 MPa=-
20 bars). 

As described by previous authors (Peske et al., 2010), 
pearl millet seeds emit primary roots at 33% water 
contents and the PEG effect is delaying the imbibitions 
process. For the potential of -12 bars and below, the 
seeds did not absorb more than 28% water, and thus, did 
not emit primary roots. Our observations are consistent 
with these results. 

In the case of drought conditions, the most powerful 
root system is one that will increase its volume to allow a 
better exploitation of deep water reserves (Ousmane, 
1996). Thus, root length and weight are important 
determinants for the choice of cultivar for dryland 
conditions. In this study, the root length was significantly 
increased at 10% PEG concentration (-1 bar) compared 
to the control, but was significantly lower when the 
concentration increased to 20%. The low concentration of 
PEG induced a rhizo-stimulation as described by several 
authors on different growth parameters (Badr et al., 1997; 
Radouane, 2007; Majeed et al., 2010; Horn et al. 2010; 
Sumira et al., 2011). This result suggested that a 
moderate concentration of PEG6000 can be used as root 
growth regulator in in vitro tissue culture.  



 
 
 
 

The effect of low doses of PEG observed for root length 
was not the same for shoot growth. In this study, the 
extension of the root system has not a positive effect on 
the growth of shoot. But in soil conditions, root system 
could extend to deeper and wetter zones and therefore 
better support plant growth (Ousmane et al., 1993). This 
is not evident in vitro culture where water and nutrients 
are homogeneous throughout the Petri dish. 

The root/shoot ratio showed comparable root and 
shoots growth in normal conditions and in water stress 
situation. This study revealed a significant increase in the 
root/shoot ratio with increasing PEG concentration. Root 
growth was maintained against osmotic potential 
increment. This indicated that the physiological activity of 
the root system is less sensitive to low relative water 
content; but sap transfer to leaves require higher water 
potentials. 
 
 
Conclusion 
 
While confirming previous results on the reactions of a 
plant against water stress, this study showed that PEG of 
molecular weight 6000 can be used as an in vitro 
simulator of water stress for pearl millet. It was 
particularly shown that the growth rate of pearl millet root 
could be maintained at relatively low water potentials (-39 
bars), while the sap transfer to plant shoot is strongly 
inhibited. However, this needs further investigation in 
order to determine if there is any genotypic effect at this 
level. In addition, the LD50 values established for 
germination percentage and coleoptiles emergence will 
be used for screening for drought tolerance in pearl millet 
mutants obtained by induced mutation techniques in a 
future study. 
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In the present work, polyploidy was induced in the diploid banana varieties 'Malbut', 'Gold', 'Lidi', and 
'Thong Dok Mak' through the use of colchicine and oryzalin, and that condition was identified through 
stomatal analysis, flow cytometry, and chromosome counts. Shoots produced in vitro were treated with 
colchicine at concentrations of 0, 2.5, 7.5 and 12.5 mM for 24 and 48 h, and with oryzalin at 0, 10, 30 and 
50 mM for 4 and 7 days. Young leaves were scanned by electron microscopy to determine their 
stomatal areas (polar diameter × equatorial diameter) and numbers for polyploid identification by 
stomatal analysis. Polyploid identification by way of flow cytometry analysis used samples of young 
leaves that were crushed to release their nuclei, with subsequent staining with propidium iodide; ten 
thousand nuclei were analyzed for each sample. For cytogenetic analyses, root tips were pretreated 
with 0.002 M 8-HQ for 3 h, fixed in Carnoy solution for 24 h, subjected to conventional squashing 
techniques, and stained with 10% Giemsa. We identified four tetraploid plants and six mixoploids using 
these three identification techniques.  
 
Key words: Chromosomes duplication, Musa acuminata, tissue culture. 

 
 
INTRODUCTION 
 
Bananas (Musa sp.) are one of the principal fruits eaten 
in Brazil, providing a nutritious source of potassium and 
contributing to the regional economy by generating 
employment and income for farmers as well as for 
industries that process those fruits to make sweets, jams, 
yogurts (Silva et al., 2008). Banana breeding programs 
using chromosome duplication (through treatments with 
antimitotic agents such as colchicine and oryzalin) have 

been proposed to generate material from diploid hybrids 
that are resistance to pests and diseases in light of the 
reduced time and costs involved in using these 
treatments. Additionally, the high productivities of Musa 
banana strains are directly associated with their ploidy 
levels, as triploid and tetraploid varieties are more 
vigorous than diploids (Stover and Simmonds, 1987). 
Conventional methods of generating polyploid varieties 
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that involve backcrossing three diploid hybrids obtained 
by crossing two diploid species are associated with 
lengthy development periods with high production costs 
(Simmonds and Dodds, 1949). 

Chromosome doubling using antimitotic agents 
requires an efficient system of polyploid induction as well 
as an effective method for ploidy verification. Polyploidy 
induction has been undertaken with bananas (Ganga and 
Chezhiyan, 2002; Rodrigues et al., 2011) using the 
antimitotics oryzalin, amiprophos-methyl (AMP), and 
colchicine at different concentrations and for varying 
exposure times. Ganga and Chezhiyan (2002) produced 
13% tetraploid plants in programs using colchicine, and 
17% using oryzalin, and Rodrigues et al. (2011) reported 
that amiprophos-methyl was most efficient at inducing 
ploidy in some banana varieties at a concentration of 40 
μM. The technique of exposing in vitro explants to 
colchicine has been investigated by a number of 
researchers (Sakhanokho et al., 2009; Wannakrairoj and 
Wondyifraw, 2013), but it is then necessary to check the 
suitability of each species or new  variety generated, as 
their responses reflect their genetic constitutions and 
their reactions to the mitotic agents employed. 

Chromosome counts and stomata morphology have 
been routinely used to identify polyploids (Campos et al., 
2009), although the quickest and most efficient technique 
for ploidy analysis is flow cytometry of nuclear DNA 
content (Younis et al., 2013). This technique involves 
analyzing the optical properties (light scattering and 
fluorescence) of particles flowing in liquid suspension 
(Ochatt, 2008). As these particles pass an intersecting 
laser beam, they generate quantifiable light scattering, 
fluorescence, or emission signals. This principle can be 
used, for example, to measure the amount of DNA in a 
cell (Dolezel and Bartos, 2005). 

The present study was part of the banana breeding 
program “Embrapa Mandioca e Fruticultura Tropical” at 
Cruz das Almas, Bahia State, Brazil, seeking to produce 
secondary triploid AAA varieties that produce palatable 
fruits by inducing chromosome doubling in diploid banana 
plants and subsequently crossing the autotetraploids 
obtained with diploid elite varieties to obtain new AAA 
varieties. We induced chromosome doubling using 
colchicine and oryzalin in four diploid banana varieties 
'Malbut', 'Gold', 'Lidi', and 'Thong Dok Mak' and identified 
polyploids and verified their ploidy through stomatal 
measurements, flow cytometry analysis, and 
chromosome counts. 

 
 
MATERIALS AND METHODS 
 
Micropropagation of plant materials and their treatment with 
antimitotic agents 

 
Diploid apical meristems from the banana varieties 'Malbut', 'Gold', 
'Lidi',  and 'Thong Dok Mak' were established in vitro and  multiplied  
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for two generations in MS medium (Murashige and Skoog, 1962) 
supplemented with 30 g.L

-1
 sucrose and 4 mg.L

-1
 

benzylaminopurine (BAP) for shoot proliferation, and subsequently 

treated with the antimitotic agents colchicine and oryzalin. 
Colchicine was used at concentrations of 0, 2.5, 7.5 and 12.5 mM 
for 24 to 48 h and oryzalin at concentrations of 0, 10, 30 and 50 μM 
for 4 and 7 days in liquid medium with agitation (60 rpm). 

After treatment, the shoots were washed three times with distilled 
water and transferred to a proliferation medium for further culturing 
to reduce the frequency of mixoploids (plant material containing 
cells with chromosome number variations). The plants were then 
transferred to a rooting medium (MS supplemented with sucrose 30 
g. L

-1
 and solidified with 7 g.L

-1
 agar). The explants were kept in a 

growth chamber with a light intensity of 36 micromol. m
2
.s

-1
, 

photoperiod of 16 h, and a temperature of 25 ± 2°C during their 
growth phase. The generation time was thirty days. For rooting, the 
plantlets were kept under the same conditions for 45 days. 

The rooted plants were transferred to a greenhouse and placed 
in cultivation tubes (19 cm × 5 cm) with a substrate composed of  
vegetable substrate plantmax

™
 and coconut fiber (1:1), with 150 g 

PG MIX
™ 

(14-16-18) and 150 g of Osmocote
™

 (6-19-10), and 
irrigated with an intermittent mist system under 50% shading. After 
60 days, the plants were transplanted to 20 L plastic pots with the 
same substrate. Each treatment was replicated five times. 
 
 
Calculations of stomatal areas and densities 

 
Stomatal analyzes were performed on all plants one year after their 

acclimatization. We used fragments of the middle region of the 
abaxial side of leaf number 1 (youngest fully expanded leaf), 
without ribs. Fragments (0.5 mm

2
) were fixed to metallic stubs with 

carbon tape, desiccated for 48 h, and subsequently coated with 
gold (20 nm) layer in a BAL-TEC, SCD- 050 sputter coater. The leaf 
material was examined in a LEO EVO-40 PVX scanning electron 
microscope (600x) and electromicrographed. To determine stomatal 
areas (polar equatorial diameter x diameter) and densities, five 
observation fields (five replicates) with the same area (1mm

2
) were 

randomly chosen on the epidermis of the abaxial surface of each 
sample and five stomata of each were measured. Twenty-six 
Malbut varieties, 15 Gold, 52 Lidi, and 35 Thong Dok Mak varieties 
were treated with antimitotic agents and their survival rates 
calculated.  

The criteria used to identify the tetraploid plants was that all 
plants that differed statistically in size and density from the stomata 
of diploid plants were considered possible tetraploids, being 

subsequently confirmed by flow cytometry analysis and chromo-
some counts. Analysis of variance (ANOVA) (p<0.05) was 
performed to evaluate the data; differences between the means 
were evaluated using the Scott-Knott test (<0.05). 
 
 
Flow cytometric analysis 
 

Nuclear DNA contents were determined by grinding approximately 
20-30 mg portions of young banana plant and Pisum sativum 
leaves (the latter being the internal reference standard) in 1 ml of 
cold LB01 buffer to release the nuclei (Dolezel et al., 1998). The 
nuclei suspension was then aspirated through two layers of gauze 
using a plastic pipette, and filtered through a 50 micron mesh. The 
nuclei were stained by adding 25 μL of a 1 mg/1 ml propidium 
iodide solution with 5μL RNase to each sample. The samples were 
analyzed after storage in a refrigerator for 1-2 hours. At least 10 
billion nuclei were analyzed for each sample. The analyses were 
performed using a FACSCalibur flow cytometer USA, 2010 (Becton 
Dickinson) using a logarithmic scale; the histograms were generated
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Table 1. Anatomical characteristics of the epidermis of diploid Malbut variety banana plants subjected to treatment with 
colchicine. 
 

Treatment 
Anatomical characteristics Flow cytometry 

Area (μm
2
) Stomatal densities (nº/mm

2
) Ploidy DNA index (pg) Ploidy 

0 204.1
a
 30.8

c
 2x - - 

0 242.6
b
 27.2

b
 2x - - 

2.5 Mm/24 h 260.3
c
 20.0

a
 4x - - 

2.5 Mm/24 h 286.1
d
 25.8

b
 4x - - 

2.5 Mm/24 h 250.8
c
 23.8

b
 2x 1.05 2x 

2.5 Mm/24 h 237.4
b
 21.8

a
 2x - - 

7.5 Mm/24 h 255.5
c
 30.4

c
 2x - - 

7.5 Mm/24 h 264.1
c
 25.4

b
 2x 1.34 2x 

12.5 Mm/24 h 270.6
d
 37.8

d
 4x 1.34 2x 

 

*Means followed by the same letter in the same column did not differ statistically by the Scott Knott (<0.05) probability level. 

 
 
 
using Cell Quest software and statistically analyzed using WinMDI 
2.8 software. 

The nuclear DNA contents (pg) of the plants were estimated 
using the ratios of the fluorescence intensities of the G1 nuclei 
(nuclei in the G1 interphase stage) to the reference standard (P. 
sativum) and multiplying this ratio by the amount of DNA in the 

reference standard (9.09 pg). 
 
 
Cytogenetic analyses 

 
For ploidy analysis by chromosome counts, the roots of plants 
previously selected for stomatal analysis were pretreated with a 
solution of 0.002 M 8-hydroxyquinoline for 3 h and subsequently 
fixed in Carnoy solution (3:1) for 24 h. The roots were then washed 

three times for 10 min in de-ionized water and subsequently 
hydrolyzed in 1 N HCl at 60°C for 15 min. 

The root meristems were excised with the aid of a stereoscopic 
microscope and then crushed in 45% acetic acid under a cover slip. 
The slides were air dried and the cover slips removed after 
immersion in liquid nitrogen (Barbosa et al., 2007), and the slides 
were subsequently immersed for 30 s in 45% acetic acid and 
stained with 10% Giemsa for 5 min.The observations and analyses 
of the slides were performed using a microscope (100 × oil 
immersion magnification) with digital camera image-capturing 
system. 

 
 
RESULTS  
 

One year after the end of the acclimatization period, 
banana seedlings survival was found to be influenced by 
the dosage levels and exposure times to colchicine and 
oryzalin. Higher doses and longer exposures to 
antimitotic agents had negative effects on seedling 
survival. The survival rate of the 'Lidi', 'Gold', 'Malbut', and 
'Thong Dok Mak' varieties were 23.75, 33.75, 46.85 and 
30.62% when treated with colchicine and 23.12, 15.625, 
36.25 and 22.5% when treated with oryzalin respectively.  

Cytogenetic analyses were only performed on mixo-
ploid or tetraploid plants identified by flow cytometry 

analyses. Three of the diploid Malbut plants treated with 
colchicine showed larger and less frequent stomata as 
compared to control plants (Table 1), and were 
considered possible tetraploids, although cytometric 
analyses gave results typical of diploids. Two plants 
subjected to treatments with oryzalin showed larger 
stomatal areas and lower stomatal densities, but were 
likewise considered diploids by flow cytometry analysis 
(Table 2).  

A Gold variety plant treated with colchicine was 
classified as tetraploid based on flow cytometry and 
stomatal analyses and had a DNA content of 2.18 pg, 
although chromosome counts classified it as a mixoploid 
composed of cells with different ploidy levels (Table 3). 
No polyploid plants were found after treatments with 
oryzalin (Table 4). Colchicine treatments were observed 
to efficiently promote polyploidization in five plants of the 
Lidi varieties (Table 5), as was confirmed by all three 
analyses.  

The DNA index was approximately 2.18 pg for 
tetraploids, while mixoploids showed two peaks, one 
diploid and one tetraploid. A plant treated with oryzalin 
was classified as a tetraploid (based on chromosome 
counts and flow cytometry) as it had large stomata at 
high densities (Table 6). 
Colchicine-treated plants of the Thong Dok Mak (TDM) 
variety (Table 7) were classified as tetraploids by both 
stomata analyses and chromosomal counts, but showed 
DNA contents of 1.78 pg by flow cytometry, and therefore 
must be considered mixoploids. These plants also 
showed high-density but small stomata. One oryzalin-
treated plant was considered tetraploid in all three 
analyses, and another was classified as a tetraploid only 
by chromosome counts, as shown in Table 8. 

The graphs of the positions of the peaks of diploid, 
tetraploid, and mixoploid plants are presented in Figure 1. 
Knowing the relative positions of the peaks of diploid



 

 

Pio et al.          3751 
 
 
 

Table 2. Anatomical characteristics of the epidermis in diploid Malbut variety banana plants subjected to treatment with 
oryzalin. 
 

Treatment 
Anatomical characteristics Flow cytometry 

Areas (μm
2
) Stomatal densities (nº/mm

2
) Ploidy DNA index (pg) Ploidy 

0 246.4
a
 20.2

b
 2x 1.27 2x 

0 210.6
a
 23.0

b
 2x - - 

10 μM/4dias 285.9
a
 35.4

d
 2x 1.23 2x 

30 μM/4dias 235.7
a
 37.8

e
 2x 1.23 2x 

30 μM/4dias 292.2
a
 27.8

c
 2x 1.23 2x 

30 μM/4dias 239.5
a
 21.4

b
 2x - - 

30 μM/4dias 261.0
a
 39.4

e
 2x 1.19 2x 

30 μM/4dias 266.4
a
 25.4

c
 2x - - 

30 μM/4dias 229.9
a
 43.2

e
 2x 1.27 2x 

30 μM/4dias 257.3
a
 28.2

c
 2x - - 

10 μM/7dias 260.4
a
 23.0

b
 2x 1.27 2x 

10 μM/7dias 239.5
a
 22.0

b
 2x 1.19 2x 

10 μM/7dias 257.3
a
 21.2

b
 2x 1.16 2x 

10 μM/7dias 265.4
a
 27.2

c
 2x 1.30 2x 

10 μM/7dias 292.2
a
 32.0

d
 2x 1.27 2x 

10 μM/7dias 446.7
b
 12.8

a
 4x 1.34 2x 

10 μM/7dias 404.3
b
 17.8

a
 4x 1.34 2x 

 

*Means followed by the same letter in the same column did not differ statistically by the Scott Knott test (<0.05) probabilit y 

level. 
 
 
 
Table 3. Anatomical features of the epidermis and cytogenetic analyses of diploid Gold variety banana plants subjected to treatment with 

colchicine. 
 

Treatment 

Anatomical characteristics Flow cytometry Cytogenetic analyses 

Areas (μm
2
) 

Stomatal densities 
(nº/mm

2
) 

Ploidy DNA Index (pg) Ploidy 
Chromosome 

Numbers 
Ploidy 

0 260.8
a
 7.5

a
 2x - - 22 2x 

0 242.1
a
 18.0

b
 2x - - - - 

2.5 mM/24 h 260.9
a
 2.6

a
 2x 1.16 2x - - 

2.5 mM/24 h 313.7
c
 15.0

b
 4x 2.18 4x 31 mixoploid 

2.5 mM/24 h 285
b
 18.4

b
 2x - - - - 

12.5 mM/24 h 289
b
 15.4

b
 2x 1.38 2x - - 

2.5 mM/48 h 285.3
b
 16.0

b
 2x 1.16 2x - - 

2.5 mM/48 h 353.3
c
 7.2

a
 4x 1.54 2x - - 

2.5 mM/48 h 319.9
c
 13.8

b
 4x 1.27 2x - - 

7.5 mM/48 h 289
b
 13.5

b
 2x - - - - 

   

*Means followed by the same letter in the same column did not differ statistically by the Scott Knott test (<0.05)  probability level. 

 
 
 
material in relation to a reference standard can be used 
to detect polyploid material. Most of the plants classified 
as tetraploid by stomatal testing were confirmed as such 
by flow cytometry analysis, and other characteristics of 
tetraploid mixoploids were likewise confirmed. In all, six 
plants were classified by flow cytometry as tetraploid and 
three as mixoploids. No plant identified as diploid by 

stomatal analyses was found to be tetraploid by flow 
cytometry, demonstrating and confirming the ability of 
flow cytometry to identify and separate plants into two 
groups: diploids and mixoploids versus tetraploids.  

The chromosome counts described here were per-
formed on 15 plants (5 diploids and 10 polyploids) (Figure 
1). A summary of the results of all analyzes are
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Table 4. Anatomical characteristics of the epidermis of diploid Gold variety banana plants subjected to treatment with 
oryzalin. 
 

Treatment 
Anatomical characteristics Flow cytometry 

Areas (μm
2
) Stomatal densities (nº/mm

2
) Ploidy DNA Index (pg) Ploidy 

0 277.7
b
 12.8

a
 2x - - 

10 μM/7 dias 280.0
b
 14.8

a
 2x 1.30 2x 

10 μM/7 dias 337
c
 16.6

a
 2x 1.30 2x 

30 μM/7 dias 324.3
c
 15.6

a
 2x 1.30 2x 

30 μM/7 dias 219.3
a
 21

b
 4x - - 

 

*Means followed by the same letter in the same column did not differ statistically by the Scott Knott test (<0.05) probability 
level. 

 
 
 

Table 5. Anatomical features of the epidermis and cytogenetic analyses of diploid Lidi variety banana plants subjected to treatment with 
colchicines. 
 

Treatment 

Anatomical characteristics Flow cytometry Cytogenetic analyses 

Areas (μm
2
) 

Stomatal densities 
(nº/mm

2
) 

Ploidy DNA Index (pg) Ploidy 
Chromosome 

Numbers 
Ploidy 

0 161.1
b
 60.6

e
 2x - - 22 2x 

0 160.3
b
 49.2

d
 2x - - - - 

0 177.0
b
 45.8

d
 2x - - - - 

0 161.5
b
 38.2

c
 2x - - - - 

2.5 mM/24 h 184.1
c
 52.8

e
 2x 1.02 2x - - 

2.5 mM/24 h 220.6
d
 43.8

d
 2x 0.98 2x - - 

2.5 mM/24 h 193.3
c
 32.8

b
 4x 1.13 2x - - 

2.5 mM/24 h 162.8
b
 49.8

d
 2x 1.09 2x - - 

2.5 mM/24 h 167.7
b
 47.4

d
 2x 1.20 2x - - 

7.5 mM/24 h 229.3
e
 40.2

c
 4x 1.05 2x - - 

7.5 mM/24 h 175.8
b
 45.8

d
 2x 1.09 2x - - 

7.5 mM/24 h 162.1
b
 39.8

c
 2x 1.05 2x - - 

7.5 mM/24 h 175.1
b
 54.0

e
 2x 1.20 2x - - 

12.5 mM/24 h 256.6
f
 19.8

a
 4x 2.14 4x 44 4x 

12.5 mM/24h 190.2
c
 32.6 

b
 4x 2.18 4x 31 mixoploid 

12.5 mM/24h 210.8
d
 33.4

b
 4x 1.16 e 2.18 mixoploid 33 mixoploid 

2.5 mM/48 h 194.3
c
 43.6

c
 2x 0.98 2x - - 

2.5 mM/48 h 171.5
b
 43.4

c
 2x - - - - 

2.5 mM/48 h 180.5
c
 37.2

c
 2x 1.13 2x - - 

2.5 mM/48 h 170.6
b
 50.8

d
 2x 1.16 2x - - 

2.5 mM/48 h 183.0
c
 43.2

c
 2x - - - - 

7.5 mM/48 h 230.5
e
 39.2

c
 4x 2.18 4x 44 4x 

7.5 mM/48 h 232.9
e
 40.8

c
 4x 1.09 e 2.18 mixoploid 44 4x 

7.5 mM/48 h 181.2
c
 55.0

e
 2x 1.20 2x - - 

7.5 mM/48 h 195.4
c
 41.4

c
 2x - - - - 

7.5 mM/48 h 177.0
b
 53.4

e
 2x 1.13 2x - - 

7.5 mM/48 h 202.3
d
 38.6

c
 2x - - - - 

12.5 mM/48 h 104.1
a
 39.6

c
 2x 1.09 2x - - 

 

*Means followed by the same letter in the same column did not differ statistically by the Scott Knott test (<0.05)  probability level.  
 

 
 

presented in Table 9, and this data shows that there were 
variations in ploidy determinations among the three 

different methods used. Only plants that showed positive 
results in all three analyses were considered tetraploids,
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Table 6. Anatomical features of the epidermis and cytogenetic analyses of diploid Lidi variety banana plants subjected to treatment with 
oryzalin. 
 

Treatment 

Anatomical characteristics Flow cytometry Cytogenetic analyses 

Areas (μm
2
) 

Stomatal densities 
(nº/mm

2
) 

Ploidy DNA    Index (pg) Ploidy 
Chromosome 

Numbers 
Ploidy 

0 128.3a 28.8b 2x 1.09 2x 22 2x 

0 182.7c 28.8b 2x 1.20 2x - - 

0 197.1c 23 a 2x - - - - 

0 213.8c 24.2a 2x - - - - 

10 μM/4dias 163.3b 26.2b 2x 1.09 2x - - 

10 μM/4dias 284.5e 19.8a 2x 1.05 2x - - 

10 μM/4dias 234.5d 43.4d 4x 1.05 2x - - 

10 μM/4dias 201.9c 53.4e 2x 1.13 2x - - 

50 μM/4dias 156.6b 31b 2x - - - - 

50 μM/4dias 281.2e 27.2b 2x - - - - 

10 μM/7dias 202.2c 22.4a 2x 1.05 2x - - 

10 μM/7dias 182.4c 38c 2x 1.13 2x - - 

10 μM/7dias 161.4b 43d 4x 1.05 2x - - 

10 μM/7dias 194.8c 37c 2x 1.09 2x - - 

10 μM/7dias 187.8c 44d 2x 1.20 2x - - 

10 μM/7dias 185.3c 43.2d 2x 1.13 2x - - 

10 μM/7dias 214.6c 22.8a 2x 1.20 2x - - 

10 μM/7dias 193.8c 37.8c 4x 1.16 2x - - 

10 μM/7dias 217.3c 42.2d 4x 1.23 2x - - 

10 μM/7dias 195.8c 37.6c 2x 1.16 2x - - 

10 μM/7dias 233.5d 30.8b 2x 1.23 2x - - 

10 μM/7dias 199.4c 36c 4x 1.23 2x - - 

10 μM/7dias 237.7d 45d 4x 2.22 4x 44 4x 

50 μM/7dias 188.7c 22.4a 2x 0.98 2x - - 
 

*Means followed by the same letter in the same column did not differ statistically by the Scott Knott test (<0.05)probability level. 

 
 
 
Table 7. Anatomical features of the epidermis and cytogenetic analyses of diploid Thong Dok Mak variety banana plants subjected to 

treatment with colchicines. 
 

Treatment 

Anatomical characteristics Flow cytometry Cytogenetic analyses 

Areas 
(μm

2
) 

Stomatal densities 
(nº/mm

2
) 

Ploidy DNA Index (pg) Ploidy 
Chromosome 

Numbers 
Ploidy 

0 282.5
c
 12.4

a
 2x - - 22 2x 

0 258.9
b
 17.8

b
 2x - - - - 

2.5 mM/24 h 214.4
a
 29.6

d
 4x 1.05 2x - - 

2.5 mM/24 h 267.7
b
 25.2

c
 2x 1.31 2x - - 

2.5 mM/24 h 252.5
b
 26.6

c
 2x 1.13 2x - - 

2.5 mM/24 h 264.6
b
 25.0

c
 2x 1.27 2x - - 

2.5 mM/24 h 236.8
a
 29.8

d
 4x 1.31 2x - - 

2.5 mM/24 h 230.4
a
 29.8

d
 4x 1.49 2x - - 

2.5 mM/24 h 226.0
a
 29.0

d
 4x 1.38 2x - - 

7.5 mM/24 h 346.6
d
 11.6

a
 2x - - - - 

7.5 mM/24 h 220.4
a
 23.4

c
 2x - - - - 

2.5 mM/48 h 263.4
b
 30.4

d
 2x - - - - 

2.5 mM/48 h 270.2
b
 17.0

b
 2x - - - - 
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Table 7. Contd. 
 

7.5 mM/48 h 326.1
d
 14.6

a
 2x 1.31 2x - - 

7.5 mM/48 h 237.3
a
 37.8

e
 4x 1.78 mixoploid 44 4x 

7.5 mM/48 h 198.4
a
 27.8

d
 4x - - - - 

7.5 mM/48 h 241.0
a
 26.0

c
 4x - - - - 

12.5 mM/48 h 283.6
c
 19.8

b
 2x 1.27 2x - - 

 

*Means followed by the same letter in the same column did not differ statistically by the Scott Knott test (<0.05)  probabilit y level. 

 
 
 
Table 8. Anatomical features of the epidermis and cytogenetic analyses of diploid Thong Dok Mak variety banana plants subjected to 

treatment with oryzalin. 
 

Treatment 

Anatomical characteristics Flow cytometry Cytogenetic analyses 

Areas (μm
2
) 

Stomatal 
densities (nº/mm

2
) 

Ploidy DNA index (pg) Ploidy 
Chromosome 

Numbers 
Ploidy 

0 273.2
e
 32.4

b
 2x - - 22 2x 

0 202.3
c
 27.6

b
 2x - - - - 

0 209.1
c
 35.2

c
 2x - - - - 

0 372
g
 15.2

a
 2x - - - - 

10 μM/4dias 235.9
d
 27.6

b
 2x 1.23 2x - - 

10 μM/4dias 302.8
f
 27.2

b
 2x 1.31 2x - - 

10 μM/4dias 215.1
c
 30.4

b
 2x 1.09 2x - - 

10 μM/4dias 258.0
d
 31.8

b
 2x - - - - 

10 μM/4dias 253.8
d
 31.4

b
 2x 1.13 2x 44 4x 

10 μM/4dias 206.8
c
 30.0

b
 2x - - - - 

10 μM/4dias 241.3
d
 30.0

b
 2x 1.16 2x - - 

10 μM/4dias 172.4
b
 38.2

c
 4x - - - - 

10 μM/4dias 127.9
a
 58.0

d
 4x 2.18 4x 44 4x 

30 μM/7dias 244.0
d
 29.0

b
 2x 1.09 - - - 

30 μM/7dias 242.6
d
 19.2

a
 2x - - - - 

30 μM/7dias 228.4
c
 36.4

c
 2x 1.23 2x - - 

50 μM/7dias 226.3
c
 18.2

a
 2x 1.34 2x - - 

 

*Means followed by the same letter in the same column did not differ statistically by the Scott Knott test (<0.05)  probability level. 

 
 
 
the others were considered tetraploid mixoploids.  
 
 
DISCUSSION 
 
The action of antimitotic agents is related to their specific 
effects on chromosome duplication. High concentrations 
or long periods of exposure to these substances are 
usually observed to cause phytotoxic effects - generating 
high mortality among treated seedlings- and tolerance to 
colchicine and oryzalin varies among species and 
varieties, depending upon their genetic make up (Vakili, 
1962; Ganga and Chezhyan, 2002).  

Colchicine toxicity at high dosages was reported by 
Lone et al. (2010), who found lower survival rates of the 
protocorms of Cattleya tigrina (32%) that had been 

treated with 1 g.L
-1

 colchicine for 72 h. Regeneration 
rates of 27.26 % after colchicine exposure were observed 
in Tagetes erecta (Sajjad et al., 2013). Regeneration 
rates of 37 and 67% were observed in explants of 
Aframomum corrorima treated for 7 days with colchicine 
and oryzalin respectively (Wannakrairoj and Wondyifraw, 
2013). 

Both oryzalin and colchicine caused tissue oxidation 
that resulted in explant death, especially those treated 
with colchicine for 48 h or oryzalin for seven days. Similar 
results were observed with Musa varieties treated with 
colchicine for 48 h (Rodrigues et al., 2011) and with 
Catharanthus roseus seeds treated with colchicine for 48 h 
(Xing et al., 2011). Regenerated plants subjected to 
these treatments showed slower growth and thicker and 
smaller leaves when compared with controls - indicating
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Figure 1. A, Diploid material (a1, stomata; b1, Histogram of flow cytometry results with the first and second peaks of the sample and the 
reference standard; a3, metaphase). B, Mixoploid material (b1, stomata; b2, histogram of flow cytometry results with the first and second 
peaks of the sample and 3rd peak of the reference standard and b3: metaphase). C, Tetraploid material (c1, stoma; c2, flow cytometric 

histogram with the first and second peaks of the sample and the reference standard; and c3, metaphase).  

 
 
 

the presence of tetraploid plants. Sajjad et al. (2013) 
found that colchicine application resulted in the formation 
of tetraploid individuals of Tagetes erecta that showed 
slower initial growth rates and smaller leaves. Ganga and 
Chezhiyan (2002) tested different concentrations of 
colchicine and oryzalin and different exposure periods in 
attempts to obtain tetraploid bananas, and found that 
chromosomal replication was similar after exposure to 
either substance, although the required colchicine 
concentrations were 125 to 200 times greater than with 
oryzalin.  

Slower initial growth rates of seedlings treated with 
colchicine have been noted when using this anti-mitotic 
agent to increase ploidy levels, and its effects on growth 
are apparently due to reductions in cell division rates 
(Sajjad et al., 2013). Colchicine inhibits the formation of 

linear structures of microtubules in plant cells (polymers 
of tubulin involved in various cellular functions), thus 
interfering with the cell cycle (Ade and Rai, 2010). Most 
of the plants classified as tetraploid in our study had been 
treated with colchicine. Although a number of authors 
have reported oryzalin as being efficient at inducing 
polyploidy in some plants, it is necessary to check these 
antimitotic ages with each plant type, as their responses 
can vary as a function of their genetic makeup and the 
developmental stages of their tissues.  

Flow cytometry analysis can process large numbers of 
plants (several hundred) per day with reliable results, as 
DNA content is not influenced by external factors such as 
light intensity,  leaf  blade  development,  or   plant  tissue 
content water; the analyses are also rapid, and numerous 
plants can be evaluated in a very short time (Xing et al.,



 

 

3756          Afr. J. Biotechnol. 
 
 
 

Table 9. Cytogenetic analysis and stomatal analyses of diploid Thong Dok Mak. Gold. and Lidi banana varieties subjected to 
treatment with colchicine and oryzalin. 
 

Treatment Stomatal analyses Flow cytometry analysis Cytogenetic analysis 

TDM - colchicine - control 

TDM - oryzalin  - control 

Lidi -  colchicine - control 

Lidi -  oryzalin  - control 

Gold -  colchicine - control 

TDM -  colchicine - 7.5 mM/48 h 

Lidi -  colchicine - 12.5 mM/24 h 

Gold -  colchicine - 2.5 mM/24 h 

Lidi -  colchicine - 12.5 mM/24 h 

Lidi -  colchicine - 7.5 mM/48 h 

TDM -  oryzalin - 10 μM/4 dias 

Lidi- colchicine - 12.5 mM/24 h 

Lidi - colchicine - 7.5 mM/48 h 

Lidi - oryzalin - 10 μM/4 dias 

TDM - oryzalin - 10 μM/4 dias 

Diploid 

Diploid 

Diploid 

Diploid 

Diploid 

Tetraploid 

Tetraploid 

Tetraploid 

Tetraploid 

Tetraploid 

Diploid 

Tetraploid 

Tetraploid 

Tetraploid 

Tetraploid 

Diploid 

Diploid 

Diploid 

Diploid 

Diploid 

Mixoploid 

Mixoploid 

Tetraploid 

Tetraploid 

Mixoploid 

Diploid 

Tetraploid 

Tetraploid 

Tetraploid 

Tetraploid 

Diploid 

Diploid 

Diploid 

Diploid 

Diploid 

Mixoploid 

Mixoploid 

Mixoploid 

Mixoploid 

Tetraploid 

Tetraploid 

Tetraploid 

Tetraploid 

Tetraploid 

Tetraploid 

 
 
 
2011). Nuclear DNA content as determined by flow 
cytometry has been studied in various plants of economic 
importance, such as Brachiaria (Pinheiro et al., 2000), 
Triticum (Kubalakova et al., 2002), Malus (Höfer and 
Meister, 2010), and Jatropha (Kaewpoo and Te-chato, 
2010). Van Duren et al. (1996) used flow cytometry to 
identify autotetraploid banana plants induced through 
chromosomal doubling of diploid material. The phenol-
menon of mixoploidy was also commonly encountered in 
this work, and flow cytometry was efficient at detecting 
and confirming these cases. The use of flow cytometry to 
identify chromosome duplication has been described in 
several studies (Costich et al., 2010; Xing et al., 2011; 
Nemorin et al., 2013). 

Pre-checking based on stomatal characteristics was 
found to be very helpful in identifying populations of tetra-
ploid mixoploids, thus reducing the numbers of plants that 
had to be examined after in vitro cultivation, highlighting 
the need for care when selecting the morphological 
characterisitics used to comfirm plant ploidy levels. The 
safest method is to compare the material in at least three 
steps, as performed in the present work. 

Motonobu et al. (1997) and Kim and Kim (2003) 
reported that the numbers of stomata on Chrysanthemum 
and Cymbidium were directly proportional to their ploidy 
levels, but stomata size did not vary among plants with 
different ploidy levels. Vichiato (2004) found that 
tetraploid plants of Dendrobium nobile showed higher 
stomatal frequencies because their epidermal cells were 
smaller than those of diploids. 

Thus, while morphological descriptors can be very 
useful, they should not be used alone for checking ploidy 
levels as they are subject to genetic effects, so that the 

isolated analysis of only certain variables may lead to 
classification errors for certain genotypes (Souza and 
Queiroz, 2004; Madon et al., 2005). Lacerda et al. (2008) 
examined the morphological features of the stomata of 
Silver Dwarf cultivars obtained from three in vitro plant 
variants, and found that only one showed low stomata 
densities; they did not determine if this variant was 
mixoploide or not, however. Studies of chromosome 
doubling in Hedychium muluense by treatments with 
colchicine and oryzalin demonstrated that ploidy analysis 
by flow cytometry, coupled with chromosome counting, 
was more reliable than comparing stomata sizes 
(Sakhanokho et al., 2009). 

Flow cytometery had an important role in identifying 
mixoploids in the present work as they have been 
erroneously classified as triploids and tetraploides in 
other studies. One hypothesis that could explain the 
occurrence of mixoploidy in the present work is 
chromosome elimination. Abreu et al. (2006) and 
Barbosa (2004), working with chromosomal duplication 
induction in triploid hybrid elephant grass and millet, 
observed mixoploidy in most of the plants analyzed. 
According to these authors, there were great variations in 
chromosome numbers in the metaphases analyzed, and 
they concluded that these variations were due to 
chromosome eliminations. Certain mitotic alterations are 
characteristic of chromosome elimination - such as the 
lack of chromosome orientation during metaphase, late 
anaphase segregation, chromatin degradation, 
chromosome fragmentation, and micronuclei formation 
(Singh, 2002). 

Mixoploids may arise because antimitotic agents may 
not always reach all of the meristems on a plant (or those 



 

 

 
 
 
 
that are actively dividing) (Carvalho et al., 2005).  Several 
authors (Poutaraud and Girardin, 2005; Campos et al., 
2009; Wannakrairoj and Wondyifraw, 2013) have 
reported different effects of antimitotic agents when 
different tissues are targeted or different treatment 
periods are used. As cytogenetic analyses were 
performed using root meristems, while stomata and flow 
cytometric analyses were performed using young leaves, 
it would not be unexpected if these distinctly different 
tissues in distinct localities demonstrated different ploidy 
levels after treatment with antimitotic agents. 

Thus, the possibility of inducing autotetraploidy in 
banana plants should have a significant impact on 
breeding programs as this will reduce the time needed, 
manpower expenditures, and costs involved in obtaining 
tetraploids as compared to conventional methods. Some 
types of tetraploids may be impossible to obtain using 
conventional methods, making antimitotic agents of great 
importance to breeding programs. The autotetraploids 
obtained in this study cannot necessarily be 
recommended as cultivars, as tetraploids generally have 
arched leaves and their fruits easily separate and fall, so 
it will be necessary to obtain triploid plants from them. To 
that end, future studies will be conducted with the 
tetraploid plants generated here to cross them with 
diploid elite varieties in the germplasm bank at Embrapa 
Cassava. It is expected that crossing tetraploids with 
diploids will generate triploids that, after agronomic 
evaluation, can be distributed by Embrapa as new and 
improved varieties. 

Bananas are of significant importance in the Brazilian 
diet, mainly among low-income families who lack 
economic resources to purchase non-tropical fruits. The 
climate in Brazil also favors banana cultivation throughout 
the year, which ensures an abundant supply of these 
fruits at low cost. Therefore, research efforts to generate 
more resistant, productive, nutritious, and good-tasting 
bananas must be continued.  

Additionally, there is a need to promote more balanced 
and sustainable agriculture techniques that use less 
agro-defensive products that - and tetraploid induction 
using antimitotic agents presents the possibility of 
inducing disease resistance through the generation of 
duplicated genetic material, as was observed using 
disease-resistant Cavendish triploids that had previously 
been extremely difficult to obtain through conventional 
breeding. The next step will be to evaluate the agronomic 
characteristics of plants generated through chromosome 
duplication to certify their taste, vigor, and resistance to 
the fungal diseases and pests that are quite common and 
destructive in Brazilian plantations. 
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Coffee beans processing generates a large volume of wastewater composed of trace elements which 
can be detrimental to human health. The present study aimed at evaluating the capacity of strains of 
Aspergillus brasiliensis and Penicillium citrinum in tolerating and removing trace elements namely: Cu, 
Mn and Zn from coffee wastewater. The use of fungi in the treatment of polluted wastewater has 
emerged as a viable alternative to conventional treatment. The fungi were isolated from polluted and 
unpolluted areas, which were tested on a laboratorial scale and on large scale (aerobic bioreactor) with 
immobilized biomass. As expected, the strains isolated from polluted areas (P. citrinum EPAMIG 0086 
and A. brasiliensis EPAMIG 0084) were more tolerant to the elements studied than the strains isolated 
from unpolluted areas (A. brasiliensis IBT 26433 and P. citrinum INCQS 40011). As for the removal tests 
conducted on a laboratorial scale, it is worth mentioning that the fungal strains under study responded 
differently to the tested elements (regardless of their origin). In the tests conducted in bioreactors, the 
fungus P. citrinum EPAMIG 0086 presented a greater removal capacity of the elements in aerobic 
biofilters (44, 62 and 48% for Cu, Mn and Zn, respectively) than the A. brasiliensis EPAMIG 0084 (21.7, 51 
and 41.6%, respectively), which indicates that this fungus is an efficient alternative to conventional 
treatments. 
 
Key words: Coffee wastewater, bioreactors, fungi, immobilization, removal, trace elements. 

 
 
INTRODUCTION 
 
Increasing population and consumption are placing 
unprecedented demands on agriculture and natural 

resources. The productivity increase has led in the 
production of large quantities of agricultural waste and
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therefore in its disposal in soil and water bodies (Foley et 
al., 2011). Coffee production is no exception to this rule. 
According to Melo (2009), wet processing requires large 
volumes of water in the stages of husk removal, 
fermentation and washing. For every bag of coffee 
produced, 3,500 L of coffee wastewater is generated. 
These residue is rich in organic and inorganic matter, and 
among the inorganic compounds, there is a large number 
of trace elements from the use of fertilizers, agricultural 
lime and pesticides that accumulate in the fruit during 
development (Kiekens and Cottenie, 1985).  

According to Wuana and Okieimen (2011), the 
predominant trace elements in agricultural areas 
contaminated with fertilizer and pesticide waste are lead, 
chromium, arsenic, zinc, cadmium, copper, mercury and 
nickel. The trace elements and their toxicity are of 
particular interest to public health, because these 
substances cannot be processed or chemically destroyed 
(Davis et al., 2001); are not biodegradable and tend to 
accumulate in living organisms and many heavy metal 
ions are known to be toxic or carcinogenic (Fu and Wang, 
2011). 

According to Ribeiro et al., (2009), however, in addition 
to the trace elements hazardous to the environment, 
coffee wastewater also contains N, P, K, Ca, Mg and 
micronutrients. Thus, if properly treated, it can be reused 
to supply part of the water and the nutrients demanded 
by crops. Conventional methods for removal of dissolved 
trace elements are chemical treatments (like hydroxide 
precipitation, sulfide precipitation, trace elements che-
lating precipitation and ion exchange), physical 
treatments like adsorption (activated carbon adsorbents 
and carbon nanotubes adsorbents), membrane filtration 
(ultrafiltration and nanofiltration), coagulation, 
flocculation, flotation and electrochemical treatment (Fu 
and Wang, 2011). 

 Even though conventional technologies adopted for 
removal of heavy metals from polluted environment tend 
to be efficient, they are generally expensive and produce 
huge quantity of toxic chemical products (Zaidi et al., 
2011). Moreover, methods such as chemical precipitation 
and reverse osmosis for removal of trace elements 
present in low concentrations (below 100 mgL

-1
, such as 

coffee wastewater) result in incomplete removal of trace 
elements and excessive use of reagents and energy 
(Brierley et al., 1985; Kapoor and Viraraghavan, 1995). 

The use of biological materials including fungal bio-
mass offers an economical, effective and safe option for 
removing heavy metals and, therefore, has emerged as a 
potential alternative method to conventional treatment 
techniques. Among the various remediation strategies, 
biosorption of heavy metals by metabolically active or 
inactive nonliving (dead) biomass of fungal origin is an 
innovative and alternative technology for removal of 
metals from contaminated sites (Zaidi et al., 2011). 
Adsorption is an effective and economic method for 
heavy metal wastewater treatment. The adsorption process  

 
 
 
 
offers flexibility in design and operation and in many 
cases will produce high-quality treated effluent. In 
addition, because adsorption is sometimes reversible, 
adsorbents can be regenerated by suitable desorption 
process (Fu and Wang, 2011). 

The use of fungal isolates from environments 
contaminated by trace elements is a very promising 
alternative in wastewater treatment. As these microorga-
nisms can proliferate in a contaminated environment, 
they probably have strategies for tolerating and growing 
in such situation (Lemos et al., 2008; Sprocati et al., 
2006). Treatment of trace element contaminated waste-
water through microorganisms can be optimized by 
means of their immobilization on supports inside 
biofilters. That is because the use of immobilized 
biomass facilitates its separation from the aqueous 
medium for subsequent retrieval of elements adsorbed 
and reuse of the biomass (Tsezos and Deutschmann, 
1990). 

The present study was conducted in order to assess 
the removal of the elements copper (Cu), manganese 
(Mn) and zinc (Zn) present in coffee wastewater by using 
Aspergillus brasiliensis EPAMIG 0084 and Penicillium 
citrinum EPAMIG 0086 isolated from contaminated 
environments and A. brasiliensis IBT 26433 and P. 
citrinum INCQS 40011 from uncontaminated environ-
ments. The aim was to compare removal efficiency based 
on prior exposure of the fungi to the pollutant, through the 
use of a laboratory-scale and larger scale experiments in 
aerobic biofilters.  
 
 
MATERIALS AND METHODS 
 

All tests were performed in triplicate, and all media were prepared 
with Milli-Q water (deionized water purified by a Milli-Q system 
supplied by Millipore Corporation). 
 
 
Fungal isolates 

 
The following fungal species were used: A. brasiliensis EPAMIG 
0084 and P. citrinum EPAMIG 0086, both isolated from Zn, Cu, Pb 
and cadmium (Cd) contaminated soil from the municipality of Três 
Marias, MG, Brazil, as well as the same fungal species isolated 
from uncontaminated regions; A. brasiliensis IBT 26433 and P. 
citrinum INCQS 40011. 
 
 

Collection of coffee wastewater samples: Qualification and 
quantification of trace elements 

 

The water derived from the washing of coffee beans, coffee 
wastewater (CW), was collected from the Coffee Processing Center 
of Lavras Federal University (CEP - UFLA) for the pH and trace 
element evaluation. A 0.45 µm membrane was used to filter the 
water and sent for atomic absorption spectrophotometer (AAS) 
analyses to check for the presence of the following trace elements 
described in the literature by Gonçalves (2006) as normally present 
in the CW: copper (Cu), manganese (Mn) and zinc (Zn). The 

samples were digested in a digestion tube using nitric acid (HNO3) 
according to the US Environmental Protection Agency (EPA) 3051A  

http://www.hindawi.com/51062347/
http://www.hindawi.com/50569697/


 
 
 
 
method. Metal concentrations were determined through the use of 
an atomic absorption spectrophotometer (Perkin Elmer Analyst 
300). 
 
 
Trace element tolerance test 

 
Tolerance of the fungi study to the trace elements Cu, Mn and Zn 
was tested at the following concentrations found in the CW by AAS: 
0.5, 1 and 5 mgL

-1 
of each element. The isolates were transferred to 

Petri dishes containing malt extract agar medium (MA) with the 
addition of copper sulfate, manganese sulfate or zinc sulfate, each 
one separately. The isolates were also inoculated on dishes 

containing MA without the addition of any trace element as control. 
The culture media were adjusted to pH 5 because, according to 
Zafar et al. (2007), this pH is the best for obtaining the highest rate 
of metal ion removal by microbial biomass. Moreover, according to 
Gonçalves (2006), the pH found in CW varies from 4 to 5. The fungi 
were incubated at 25°C for seven days and the diameter of the 
colonies was measured. Isolates that exhibited growth at or above 
the growth of the control were considered tolerant (da Silva et al., 
2003). 

 
 
Trace element removal tests on a laboratory scale  

 
The present methodology was adapted from da Silva et al. (2003). 
The isolates were inoculated in Petri dishes containing MA and 
incubated at 25°C for seven days. After fungal growth, five discs 
(0.5 cm diameter) were removed and transferred to 250 mL 
Erlenmeyer flasks containing 130 mL of 2% malt extract broth (MB) 

and a solution with trace element salts: copper sulfate, manganese 
sulfate and zinc sulfate (0.5, 1 and 5 mgL

-1
). Controls were used by 

means of Erlenmeyer flasks containing the culture medium with the 
salt solution and without the inoculum, and the culture medium with 
the inoculum but without the salt solution. These flasks were 
incubated (100 rpm) at 25°C for 10 days.  

After 5 and 10 days, the samples were filtered in 0.45 µm 
Millipore membranes, the trace element content quantified by AAS 

and the pH of the solution was evaluated. After 10 days of 
incubation, the biomass produced was filtered and the dry weight 
was evaluated. After this sampling period, an aliquot of the biomass 
was removed with the aid of a platinum loop for analysis in a 
scanning electron microscope (SEM) with x-ray microanalysis. 
 
 
Trace element removal tests in aerobic biofilters 

 
Three previously disinfected biofilters were used (glass batch 
reactors) with a 14.6 L capacity, built by Silva (2008). Along the 
reactors, four taps were installed to allow sampling of the effluent 
for trace element quantification analyses. The biofilter was 
continuously oxygenated with a Boyu model U-3600 air pump, with 
a 4.0 L min

-1
 flow rate. The fungal isolates from the region 

contaminated by trace elements A. brasiliensis EPAMIG 0084 and 
P. citrinum EPAMIG 0086 were transferred to plates containing MA 
and incubated for 20 days at 25°C.  

After this period, 20 mL of sterile distilled water was added to the 
plate surface and the fungal biomass was scrapped to disaggregate 
the spores. The spores present in the suspension were counted in 
a Neubauer chamber and the concentration adjusted to appro-
ximately 5x10

6
 spores mL

-1
. This suspension (20 ml) was inoculated 

in bottles containing 250 mL of MA medium (40°C), homogenized 
and transferred to trays containing support for fungal growth - 
corrugated pipes (conduits) - previously sterilized in an autoclave. 

The trays were incubated (25°C) for 20 days for the fungi to grow 
and colonize the surface and inside of the conduit. As mentioned at 
the introduction, this test was performed in a period of 20 days rather 
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than seven days, to evaluate the behavior of the trace element 
against fungal biomass in a longer period of time on a higher 
retention time on enlarged scale. 

After this period, the support material containing the attached 
fungal biomass was transferred to the biofilter. Subsequently, 10 L 
of a synthetic solution of distilled water with the addition of copper 
sulfate, manganese sulfate and zinc sulfate at a concentration of 5 
mgL

-1 
Cu, Mn and Zn was added. The pH of the solution was 

adjusted to pH 6 in order to assess whether at this pH there was 
greater adsorption of trace elements than at pH 5, previously tested 
in Erlenmeyer flasks. This pH is also described by Saya et al. 
(2001) as ideal for the removal of some trace elements tested. 

The biofilter was activated and 20 mL was removed from each 

tap, initially every 12 h, and after the first day, once a day for five 
days (120 h). The trace element concentration present in the 
samples was determined by AAS. 
 
 
Scanning electron microscopy with X-ray microanalysis 
 
The use of scanning electron microscope (SEM) helps elucidate the 
mechanisms involved in biosorption. The SEM can be attached to 

equipment energy dispersive system (EDS), which allows the 
determination of the qualitative composition of the trace elements 
present in the samples from the emission of characteristic X- rays 
(Calfa and Torem, 2007). In order to perform this test, aliquots of 
biomass formed in the flask tests with 0 (control) and 5 mgL

-1
 trace 

element concentration were removed. These were washed with 
distilled water and placed on aluminum supports (stubs) previously 
covered with carbon tape and observed in a scanning electron 
microscope (QUANTA 250 - FEI) coupled to a system of X-ray 

microanalysis (EDS) that uses the emission of X- rays to describe 
the elements found in the samples. The Genesis program was used 
for performing the microanalysis under the following conditions: 
30,000 kV, spot ranging from 5 to 7 and high vacuum.  

These analyses were performed in the Department of Biophysics 
at Rio de Janeiro Federal University - UFRJ). In order to draw the 
graphs of the X-ray microanalysis spectrum, a determination was 
made of the composition of samples per sample area under the 

following conditions: working distance (WD) of 10 mm, an increase 
of 1,000 X and voltage of 30 kV. 
 
 
Statistical analyses 

 
Statistical analyses were performed using SISVAR software. 
Analyses of variance (ANOVA) were conducted using a completely 
randomized factorial experimental design (DIC). 
 
 
RESULTS AND DISCUSSION 
 
Evaluation of trace elements present in the CW 
 
Table 1 presents the results of the trace element concen-
trations (Cu, Mn and Zn) detected in CW obtained from 
the CEP (UFLA). The pH obtained in CW was 4.5. The 
pH obtained from CW in the present study corroborates 
the results presented by Gonçalves (2006). In studies 
conducted by Vasco (1999) and Gonçalves (2006) 
regarding the presence of trace elements in CW, 
concentrations of these elements were higher than those 
found in this study (Table 1); 5 mgL

-1
 Cu; 4 mgL

-1
 Zn 

(Vasco, 1999); 1.27 mgL
-1 

Cu; 1.33 mgL
-1 

Mn and 0.66 
mgL

-1 
Zn (Gonçalves, 2006). 
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Table 1. Results of the Cu, Mn and Zn concentrations present in 
coffee wastewater obtained from Lavras Federal University (UFLA-
MG). 
 

Trace element 
present in the CW 

Concentration obtained by atomic 

absorption spectrophotometry (mgL
-1

) 

Cu < 1.0  

Mg < 0.5  

Zn < 0.4  
 

Numbers followed by the same letter in columns do not differ from 

each other by the Tukey test at 5% significance. 

 
 
 

Table 2. Trace element tolerance test: result of fungus growth (cm) in different Cu 
concentration. Test of means for the fungi factor within the Cu in each concentration 
level by A. brasiliensis EPAMIG 0084; IBT 26433 and P. citrinum EPAMIG 0086; 
INCQS 40011. 
 

Fungal strain 
Cu concentration (mgL

-1
) 

0.5 1 5 

A. brasiliensis EPAMIG 0084 2.60
b
 1.63

a
 1.57

a
 

A. brasiliensis IBT 26433 6.03
d
 6.25

d
 6.10

d
 

P. citrinum EPAMIG 0086 2.03
a
 2.05

b
 2.00

b
 

P. citrinum INCQS 40011 4.97
c
 5.05

c
 4.88

c
 

 

Values followed by the same letter in columns do not differ from each other by the Tukey 
test at 5% significance. 

 
 
 

Table 3. Trace element tolerance test: Result of fungus growth (cm) in different Mn 

concentration. Test of means for the fungi factor within the Mn in each concentration 
level by A. brasiliensis EPAMIG 0084; IBT 26433 and P. citrinum EPAMIG 0086; 
INCQS 40011. 

 

Fungal strain 
Mn Concentration (mgL

-1
) 

0.5 1 5 

A. brasiliensis EPAMIG 0084 1.86
a
 1.67

a
 1.73

a
 

A. brasiliensis IBT 26433 6.5
c
 6.10

d
 6.43

d
 

P. citrinum INCQS 40011 5.28
b
 5.02

c
 5.00

c
 

P. citrinum EPAMIG 0086 2.03
a
 1.97

b
 2.10

b
 

 

Values followed by the same letter in columns do not differ from each other by the Tukey 
test at 5% significance. 

 
 
 
Table 4. Trace element tolerance test: result of fungus growth 

(cm) in presence of Zn. Test of means for the fungus factor Zn 
element by A. brasiliensis EPAMIG 0084; IBT 26433 and P. 

citrinum EPAMIG 0086; INCQS 40011. For Zn, the trace 
element concentration was not significant. 
 

Fungal strain Fungus growth (cm) 

A. brasiliensis EPAMIG 0084 1.67
a
 

A. brasiliensis IBT 26433 6.22
b
 

P. citrinum INCQS 40011 5.03
ab

 

P. citrinum EPAMIG 0086 4.07
ab

 
 

Values followed by the same letter in columns do not differ from each 
other by the Tukey test at 5% significance. 

Trace element tolerance test  
 

After variance analysis for the tolerance to trace element, 
it was concluded that the F test at 5% of significance 
level indicated that two-way interaction (fungi X concen-
tration) was significant to Cu and Mn. Therefore, the level 
of fungi in each level of concentration was analyzed 
(Tables 2 and 3). For the Zn element, there was no 
significance level in the two-way interaction (fungi X 
concentration). Then for this element, an individual 
analysis for the factor fungus was done (Table 4). From 
Tables 2 to 4, for the most elements tested, it can be 
observed that fungal strains isolated from contaminated
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Table 5. Trace element removal test on a laboratory scale: Cu final concentration (mgL
-1

) in different Cu 
concentrations tested (0.5, 1 and 5 mgL

-1
) after 5 days of incubation. Test of means, for the fungi factor 

within the concentration levels of Cu by A. brasiliensis EPAMIG 0084; IBT 26433 and P. citrinum EPAMIG 
0086; INCQS 40011. 
 

Fungal strain 
Cu concentration (mgL

-1
) 

0 0.5 1 5 

Control 0.03
a
 0.49

bc
 0.95

cd
 4.54

d
 

A. brasiliensis EPAMIG 0084 0.09
a
 0.66

c
 1.22

d
 4.62

e
 

A. brasiliensis IBT 26433 0.10
a
 0.38

abc
 0.52

ab
 1.34

a
 

P. citrinum EPAMIG 0086 0.01
a
 0.08

a
 0.33

a
 2.40

b
 

P. citrinum INCQS 40011 0.00
a
 0.08

a
 0.40

a
 3.06

c
 

 

Values followed by the same letter in columns do not differ from each other by the Tukey test at 5% significance.  
 
 
 
environments A. brasiliensis EPAMIG 0084 and P. 
citrinum EPAMIG 0086 showed greater tolerance to all 
the trace elements in the concentrations evaluated, with 
one exception: the element zinc (Table 4). For this 
element, the two strains of P. citrinum INCQS 40011 and 
EPAMIG 0086 did not show significant differences 
regarding tolerance. It was also observed that A. 
brasiliensis IBT 26433 and EPAMIG 0084 had a better 
growth than P. citrinum INCQS 40011 and EPAMIG 
0086. However, this fact does not indicate greater 
tolerance to A. brasiliensis strains, since it has a faster 
natural growth rate than P. citrinum strains. 

According to Pan et al. (2009), tolerance to trace 
elements among strains of the same fungal species is 
due to different mechanisms of detoxification developed 
by them in response to environmental pressures. These 
strains promote the reduction of toxicity of trace elements 
through the complexation of these elements, precipitation 
or other mechanisms and therefore they can tolerate and 
grow under such conditions (Saxena et al., 2006). 

The results of this study support the assumption that 
species isolated from environments contaminated with 
trace elements have a higher tolerance than species 
isolated from uncontaminated environments (Rouch et 
al., 1995). Other authors have also studied trace element 
tolerance of fungi isolated from areas contaminated with 
these elements. Ezzouhri et al. (2009) evaluated the 
tolerance of microorganisms isolated from areas 
contaminated by trace elements in Tangier (Morocco) 
against the elements Pb, Cr, Cu and Zn. Isolates of 
Aspergillus spp. and Penicillium spp. were the most 
tolerant to all trace elements tested and exhibited the 
greatest growth in the presence of these elements in 
relation to other fungi and their controls (medium without 
addition of trace elements).  

Hemambika et al. (2011) also concluded that trace 
elements resistant isolates show no inhibition of growth 
for higher concentration of heavy metals, whereas trace 
elements sensitive isolates show inhibition of growth for 
higher concentration of heavy metals. These results were 
similar to that obtained in the present study, in which both 

species P. citrinum EPAMIG 0086 and A. brasiliensis 
EPAMIG 0084 from contaminated area showed great 
tolerance to the trace element evaluated. 

Probably, this occurs due to the fact that the fungi from 
uncontaminated areas have no protection mechanisms 
against these elements as a result of environmental 
pressure that selects such characteristics. Thus, 
according to Gadd (1992) once inside the cell, the trace 
element may be located into organelles, or may be 
attached to proteins, shifting the ions suitable for cell 
function from their original positions, promoting cell 
damage or interfering with the metabolic functions. 
 
 
Trace element removal test on a laboratory scale 
 
Following the variance analysis for the removal of all 
trace elements tested by the fungi under study, after 5 
and 10 days of incubation, it may be concluded that the 
three way interaction: time X fungus X concentration, was 
significant by the F test at the 5% significance level for 
the trace elements Cu and Mn. Therefore, the levels of 
concentration and time for the trace element Cu (Tables 
5 and 6) and Mn (Tables 7 and 8) were analyzed.  

When comparing the removal of the copper by the 
studied strains with their respective controls (Tables 5 
and 6), it may be observed that the greatest removal rate 
was obtained after five days of incubation. Furthermore, it 
can be inferred that for both species, the greatest 
removal rate was achieved by strains isolated from 
uncontaminated areas. A. brasiliensis IBT 26433 showed 
70.5% removal in a concentration of 5 mgL

-1
 for Cu and 

P. citrinum INCQS 40011 and 81% of removal in a 
concentration of 0.5 mgL

-1 
for Cu.  

These results seem to contradict the results obtained in 
the initial tolerance tests when the fungi isolated from 
contaminated areas showed higher growth and tolerance 
compared to strains isolated from uncontaminated areas. 
Therefore, the tolerances to these trace elements are not 
directly related to the capacity of trace elements removal 
by these fungi. Shen et al. (2013) evaluated the hypothesis
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Table 6. Trace element removal test on a laboratory scale: Cu final concentration (mgL
-1

) in different Cu 
concentrations tested (0.5, 1 and 5 mgL

-1
) after 5 days of incubation. Test of means, for the fungi factor 

within the concentration levels of Cu by A. brasiliensis EPAMIG 0084; IBT 26433 and P. citrinum 

EPAMIG 0086; INCQS 40011. 
 

Fungal strain 
Cu concentration (mgL

-1
) 

0 0.5 mgL
-1
 1 mgL

-1
 5 mgL

-1
 

Control 0.001
a
 0.47

ab
 0.99

d
 4.39

d
 

A. brasiliensis EPAMIG 0084 0.05
a
 0.40

ab
 1.00

cd
 4.24

de
 

A. brasiliensis IBT 26433 0.07
a
 0.41

ab
 0.86

bcd
 1.41

a
 

P.citrinum EPAMIG 0086 0.01
a
 0.15

a
 0.70

abc
 2.12

b
 

P.citrinum INCQS 40011 0.01
a
 0.32

ab
 0.48

a
 2.49

c
 

 

Values followed by the same letter in columns do not differ from each other by the Tukey test at 5% significance.  

 
 
 

Table 7. Trace element removal test on a laboratory scale: Mn final concentration (mgL
-1

) in different Mn 

concentrations tested (0.5, 1 and 5 mgL
-1

) after 5 days of incubation. Test of means, for the fungi factor 
within the concentration levels of Mn by A. brasiliensis EPAMIG 0084; IBT 26433 and P. citrinum EPAMIG 

0086; INCQS 40011. 
 

Fungal strain 
Mn concentration (mgL

-1
) 

0 0.5 1 5 

Control 0.05
a
 0.52

b
 1.67

d
 4.55

e
 

A.brasiliensis EPAMIG 0084 0.00
a
 0.35

a
 0.73

b
 3.88

b
 

A.brasiliensis IBT 26433 0.00
a
 0.34

a
 0.33

bc
 4.40

d
 

P. citrinum EPAMIG 0086 0.03
a
 0.28

a
 0.66

b
 3.51

a
 

P. citrinum INCQS 40011 0.07
a
 0.42

a
 0.74

b
 4.03

c
 

 

Values followed by the same letter in columns do not differ from each other by the Tukey test at 5% significance.  

 
 
 

Table 8. Trace element removal test on a laboratory scale: Mn final concentration (mgL
-1

) in different Mn 

concentrations tested (0.5, 1 and 5 mgL
-1

) after 10 days of incubation. Test of means, for the fungi factor 
within the concentration levels of Mn by A. brasiliensis EPAMIG 0084; IBT 26433 and P. citrinum EPAMIG 
0086; INCQS 40011. 
 

Fungal strain 
Mn concentration (mgL

-1
) 

0 0.5 1 5 

Control 0.03
a
 0.55

bc
 1.04

c
 4.45

d
 

A. brasiliensis EPAMIG 0084 0.01
a
 0.35

a
 0.73

ab
 4.14

b
 

A. brasiliensis IBT 26433 0.00
a
 0.36

a
 0.75

ab
 4.44

bc
 

P. citrinum EPAMIG 0086 0.03
a
 0.29

ab
 0.78

ab
 2.96

a
 

P. citrinum INCQS 40011 0.11
a
 0.40

a
 0.88

abc
 4.21

bc
 

 
 
 
that endophytic isolated from trace elements contami-
nated sites would enhance their host capacity to trace 
elements removal from environment; but, they observed 
that there was no significant difference in this capacity by 
endophytic isolated from contaminated and uncontami-
nated sites. Then, like the results obtained in the present 
research, they concluded that growth and heavy metal 
sorption/absorption and accumulation were not correlated 
with origin of the endophytic. 

P. citrinum  INCQS  40011  showed the best results  for 

Cu removal. This phenomenon can be explained by the 
final pH media. Akar et al. (2009) evaluated Cu 
adsorption by Tramaetes versicolor ATCC 200801 at 
different pHs, and observed that the maximum removal 
rate of this element from the solution occurred at pH 5 
and, below this pH, adsorption decreased, reaching zero 
at pH 1. The same phenomenon occurred in the present 
study, in which A. brasiliensis IBT 26433 and EPAMIG 
0084 changed the pH of the solution to three, removing 
the element Cu less efficiently than P. citrinum INCQS
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Table 9. Trace element removal test on a laboratory scale: Zn final concentration (mgL
-1

) in different Zn 
concentrations tested (0. 5, 1 and 5 mgL

-1
) after 5 days of incubation. Test of means, for the fungi factor 

within the concentration levels of Zn by A. brasiliensis EPAMIG 0084; IBT 26433 and P. citrinum EPAMIG 
0086; INCQS 40011. 
 

Fungal strain 
Zn concentration (mgL

-1
) 

0 0.5 1 5 

Control 0.00
a
 0.60

c
 1.02

bc
 4.57

d
 

A. brasiliensis EPAMIG 0084 0.00
a
 0.19

a
 0.73

a
 4.28

c
 

A. brasiliensis IBT 26433 0.02
a
 0.25

ab
 0.71

a
 4.06

b
 

P. citrinum EPAMIG 0086 0.10
a
 0.47

bc
 1.01

bc
 3.34

a
 

P. citrinum INCQS 40011 0.03
a
 0.42

abc
 0.81

ab
 4.47

cd
 

 

Values followed by the same letter in columns do not differ from each other by the Tukey test at 5% significance.  

 
 
 
40011 and EPAMIG 0086, which maintained the solution 
pH close to 5. The increased removal rate observed at 
pH 5 is due to the release of negatively charged binding 
sites on the fungal cell wall, as a result of proteins 
denaturation that facilitates binding (Verma et al., 2013). 

A higher removal rate observed within five days of 
incubation compared to 10 days (Tables 5 and 6) is 
probably due to fungi protection mechanisms that send 
back trace elements to the solution after long incubation 
periods. According to Melo and Azevedo (2008), the 
removal by adsorption process occurs until biomass 
saturation, in other words, when the active sites are not 
available anymore and the desorption process of trace 
elements to solution may occur. 

Concerning the Mn, the results from Tables 7 and 8 
demonstrate that the best performances were obtained 
from A. brasiliensis IBT 26433 (71% of removal in 1 mgL

-

1
, by five days of incubation), followed by P. citrinum 

EPAMIG 0086 (34.9% in 5 mgL
-1

, 10 days of incubation). 
Therefore, for the Mn trace element, the same pattern 
was not observed regarding strains isolated of 
contaminated and uncontaminated areas as occurred 
previously. Osaizua et al. (2014) studied the trace 
elements (Al, Fe and Mn) accumulation capacity by fungi 
isolated of trace elements contaminated areas. They also 
concluded that the genus Aspergillus exhibited the 
highest bioaccumulation potential. In their study they 
observed that A. oryzae showed the best Mn (II) sorption 
rate (over 30%). 

On the other hand, for the Zn, the F test at 5% of 
significance level was not significant for the three way 
interaction: time x fungus x concentration for the Zn 
removal test. Thus, an analysis of each of the three 2-
way interactions was conducted (Table 9). Only the two 
way interaction: fungus x time was significant by the F 
test at 5% of significance level for this element. For Zn 
(Table 9), a greater removal rate after five days of 
incubation was observed for both species in the study. 
However, A. brasiliensis strains EPAMIG 0084 and IBT 
26433 showed a significant percentage of this element 
ablation compared to P. citrinum strains. A. brasiliensis 

EPAMIG 0084 presented 68% of removal in Zn 
concentration of 0.5 mgL

-1
 while A. brasiliensis IBT 26433 

showed 60% in the same concentration. For the fungus 
P. citrinum EPAMIG 0086, no significant Zn removal was 
observed and P. citrinum INCQS 40011 showed 26.8% of 
removal in the concentration of 1 mgL

-1
 of Zn; for Zn, the 

strain origin did not interfere in this element uptake but 
the species evaluated.  

Akhtar et al. (2013) evaluated the zinc removal from 
industrial effluent by Aspergillus sp. They obtained 
approximate 50% of Zn removal by Aspergillus flavus 
NA9 and observed that the contribution of the functional 
groups and lipids to zinc biosorption as identified by 
chemical pretreatment was in the order: carboxylic acids 
> hydroxyl > amines > lipids. Probably these functional 
groups and lipids were also responsible by zinc uptake by 
the A. brasiliensis strains EPAMIG 0084 and IBT 26433 
used in this study. 

 Faryal et al. (2006) observed that the optimum pH for 
Zn removal by Aspergillus fumigates RH05 is 5. In the 
present study, at the beginning of the experiments, the 
pH reached was 6, a fact that probably influenced 
significantly the removal of this element by most of the 
fungi evaluated.  

The removal of these trace elements by the fungi under 
study may be due to biosorption and absorption 
mechanisms. The phenomenon of biosorption occurs as 
a result of physical phenomena (regardless of cellular 
metabolism) and the sorption of these elements to 
functional groups present on the fungal cell wall such as 
amino groups, carboxyl, thiol, sulfhydryl and phosphate 
by electrostatic attraction or bond formation (Pan et al., 
2009; Purchase et al., 2009). The adsorption is carried 
out due to binding of trace element to functional groups 
present on the cell wall such as the carboxyl, amine, 
sulfate and phosphate. The absorption occurs when the 
trace element are transported into the cell and are 
volatilizated or accumulated by binding to organelles or 
proteins (Aparicio, 2000). 

Thus, it may be inferred that different fungi species are 
capable of adsorbing trace element of solutions by 
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Table 10. Trace element removal test on a laboratory scale: Dry weight obtained from A. brasiliensis EPAMIG 0084; IBT 26433 and P. 

citrinum EPAMIG 0086; INCQS 40011 after 10 days of growth in malt extract plus a solution with trace elements Cu, Mn and Zn in 
different concentrations.  
 

Fungal strain 

Dry weight (g) 

Cu (mgL
-1

) Mn (mgL
-1

) Zn (mgL
-1

) 

0 0.5 1 5 0 0.5 1 5 0 0.5 1 5 

A. brasiliensis EPAMIG 0084 0.66 0.63 0.69 0.68 0.66 0.63 0.69 0.68 0.66 0.63 0.69 0.68 

A. brasiliensis IBT 26433 0.60 0.52 0.70 0.58 0.60 0.52 0.70 0.58 0.60 0.52 0.70 0.58 

P. citrinum EPAMIG 0086 0.57 0.51 0.51 0.54 0.53 0.51 0.51 0.54 0.53 0.51 0.54 0.54 

P. citrinum INCQS 40011 0.49 0.50 0.62 0.49 0.46 0.58 0.62 0.49 0.44 0.52 0.53 0.57 

 
 
 
different removal mechanisms and therefore remove 
them in different quantities; a fact that was observed in 
this study, even by strains belonging to the same fungal 
species. These results corroborate those obtained by 
Adriano (2001), who concluded that species of 
microorganisms within the same genus, or even strains 
within the same species, may differ in their sensitivity to 
trace element. 

According to Pan et al. (2009), the greater the variety of 
trace element present in the solution, the smaller the 
concentration of trace element adsorbed by the fungi 
biomass, due to the competition of these elements for 
active sites. Vivas et al. (2005) in a study of Cd and Zn 
adsorption by fungal biomass Glomus mosseae 
concluded that these elements have antagonistic effects 
when together in solution. However, this phenomenon 
was not observed in this study. Furthermore, the study of 
removal of the trace element separately would have no 
interest in the present study because it is not what 
actually occurs in CW, where there is a wide variety of 
these elements. 

Ren et al. (2009) studied the removal of Cu, Cd, Pb 
and Zn by Aspergillus niger isolated from environments 
contaminated with such elements. After two days of 
incubation, there was 84.3% of Cu, 84.4% of Cd, 25% of 
Pb and 14.4% of Zn removal. In the present study, A. 
brasiliensis IBT 26433 also showed greater efficiency in 
removal of the element Cu (70.5% - Tables 5 and 6) than 
Zn (60% - Table 9) and P. citrinum INCQS 40011 also 
removed the element Cu (81% Tables 5 and 6) more 
efficiently than the element Zn (26.8% - Table 9), 
indicating that probably the components present on the 
cell wall of these strains have greater affinity with the 
trace element Cu.  

With regard to dry weight, it was observed that for both 
fungal species studied, it remained approximately con-
stant in relation to the control for all elements and 
concentrations tested (Table 10). These results demon-
strate that trace elements concentrations are not toxic to 
the microorganisms assessed because they did not 
inhibit their growth.  

The results allow us to infer that the strains of A. 
brasiliensis EPAMIG 0084 and P. citrinum EPAMIG 0086, 

isolated from contaminated region, and A. brasiliensis 
IBT 26433 and P. citrinum INCQS 40011, from and 
uncontaminated region, reacted differently regarding their 
removal capacity of the trace element Cu, Mn and Zn 
(Tables 5 to 9). These results indicate that the cell wall of 
the fungi studied may show a higher affinity to one or 
another specific trace biosorbent which showed higher 
affinity towards certain metal in mixed metals solution 
due to the selectivity of the biosorbent and/or the ambient 
conditions which may prefer the adsorption of such metal 
over the others (Sheng et al., 2008). 
 
 
Trace element removal test in aerobic biofilters 
 
An analysis of variance was performed on results of the 
response variable of trace element removal in aerobic 
biofilters. The removal of copper by A. brasiliensis 
EPAMIG 0084 and P. citrinum EPAMIG 0086 isolated 
from contaminated region was used as a response 
variable. The F test at a 5% significance level was 
significant for the interaction fungi X time. Thus, unfolding 
of the fungus factor within time levels was performed 
(Table 12). Table 12 reveals that the fungus P. citrinum 
EPAMIG 0086 showed the best results in Cu removal for 
all the times evaluated.  

Concerning the removal of manganese and zinc, an 
analysis of variance was performed for both species 
studied. The F test at the 5% significance level was not 
significant for the two way interaction, fungus X time. 
Therefore, an individual analysis of the time factor and 
the fungus factor was carried out. Both were significant 
by the F test at 5% significance level (Table 13). Table 13 
shows that the P. citrinum EPAMIG 0086 exhibited better 
results removing manganese and zinc compared with A. 
brasiliensis EPAMIG 0084.  

The results of the pH into biofilters are presents in 
Table 11. It may be observed that in the biofilter 
inoculated with A. brasiliensis EPAMIG 0084, there was a 
decline of three points in relation to the initial value (pH 6 
to 3) after 6 h of activation and maintenance of this pH 
value after 120 h (Table 11). This pH variation may have 
influenced Cu removal (Table 12) by this fungus, once Cu  
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Table 11. Trace element removal test in aerobic biofilters: changes in pH into biofilters inoculated with fungi 
isolated from contaminated area after 120 h of activation. 

 

Fungal strain 
pH 

12 h 24 h 48 h 72 h 96 h 120 h 

A. brasiliensis EPAMIG 0084 6 3 3 3 3 3 

P. citrinum EPAMIG 0086 6 5 6.5 7 7 7 

 
 
 

Table 12. Trace element removal test in aerobic biofilters: Cu Concentration after fungi treatment in biofilters 

(mgL
-1

). Test of means for the fungus factor within time levels (12 to 120 h) for Cu removal by A. brasiliensis 

EPAMIG 0084 and P. citrinum EPAMIG 0086. 
 

Fungal strain 
Time 

12 h 24 h 48 h 72 h 96 h 120 h 

A. brasiliensis EPAMIG 0084 6.21
b
 6.22

b
 6.20

b
 6.16

b
 6.12

b
 6.06

b
 

P. citrinum EPAMIG 0086 5.58
a
 5.19

a
 4.69

a
 4.42

a
 3.47

a
 3.11

a
 

 

Values followed by the same letter in columns do not differ from each other by the Tukey test at 5% significance.  
 
 
 

Table 13. Trace element removal test in aerobic biofilters: Mn and Zn concentration 

after fungi treatment in biofilters (mgL
-1

). Test of means for the fungus factor for the 
elements Mn and Zn by A. brasiliensis EPAMIG 0084 and P. citrinum EPAMIG 0086. 
 

Fungal strain Mn concentration Zn concentration 

A. brasiliensis EPAMIG 0084 2.45
b
 3.53

b
 

P. citrinum EPAMIG 0086 1.87
a
 2.59

a
 

 

Values followed by the same letter in columns do not differ from each other by the Tukey 
test at 5% significance. 

 
 
 
was not removed during the incubation period (five days, 
120 h). A similar result was achieved in laboratory test, 
after five days incubation, in which only 21.7% of Cu 
removal was observed by this strain (Table 5). For Mn 
and Zn (Table 13), it was observed that time was not 
significant for the trace element variable removal. The 
aforementioned elements obtained respectively, 51 and 
41.6% removal by A. brasiliensis EPAMIG 0084. A much 
lower rate was obtained for Mn and Zn in laboratory scale 
after five days incubation (11% of Mn and 6.3% of Zn). 
This occurred even with the final pH 3 for both tests using 
this strain. Presumably, the initial pH utilized in the 
biofilter test (pH 6) and the biomass immobilization 
process helped Mn and Zn removal in the solution. The 
pH has been identified as one of the most important 
parameter in metal biosorption study. It is directly related 
with competition ability of hydrogen ions to active sites on 
the biosorbent surface (Lodeiro et al., 2006). 

According to Arica et al. (2003), the fungal cell 
immobilization in supports could also enhance fungal cell 
performance and adsorptive capacity of the biosorbent 
system for trace element because they were found to be 
far more stable during continuous operation in a bio-

reactor than the fungal cells in free forms. Furthermore, 
Sayer and Gadd (2001) believed that the production of 
gluconic, citric and oxalic acids by A. niger ATCC 210373 
helped the removal of trace elements, such as zinc, from 
solutions due to its complexation with these elements, 
followed by a connection to the fungal cell wall. This 
phenomenon may occur with the A. brasiliensis species, 
since it belongs to the same genus of the aforementioned 
fungus (Varga et al., 2007). 

Kapoor et al. (1999) studied the removal of Pb, Ca and 
Cu by A. niger ATCC 11414 at different pHs and 
compared it with the removal obtained by traditional 
methods of ion exchange resin and activated carbon. 
They observed that at pH 5.5 the precipitation of the trace 
element did not occur, which seemed to indicate that the 
removal of the trace element obtained in this study was 
the result of the mechanisms of biosorption and bioaccu-
mulation, and not a process of elements precipitation due 
to physical phenomena. The same authors concluded 
that trace element removal by fungal biomass is greater 
than that obtained with activated carbon, and the removal 
by ion exchange resins is not effective when the Ca

2+
, 

Mg
2+

 and  K
+
 ions  are  present,  as  occurs in CW.  Thus, 
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treatment of these effluents with fungal biomass would be 
a very viable alternative. Likewise, the low removal rate 
of all elements by A. brasiliensis EPAMIG 0084 and A. 
brasiliensis IBT 26433 is due to a pH decrease, which 
makes it possible to obtain a positively charged biomass. 
This is due to a high proton concentration, which inhibits 
the trace element binding because of charges repulsion 
(Kapoor and Viraraghavan, 1995).  

Tesekova et al. (2010) studied the Cu
2+

, Mn
2+

, Zn
2+

, 
Ni

2+
, Fe

3+
, Pb

2+
 and Cd

2+
 removal from wastewater by A. 

niger B 77, immobilized in two different polymers: 
polyvinyl - alcohol hydrogel (PVA) and Ca - alginate. 
They also obtained a high removal percentage 72. 8% for 
Cu

2+
; 55.4% for Zn

2+
 and 52.3% for Mn

2+
 by Ca - alginate 

immobilized biomass and by immobilized cubes PVA - 
biomass: 67.1; 58.5 and 44.6%, respectively. These 
results are similar than the results obtained in this 
research by A. brasiliensis EPAMIG 0084 (Tables 12 and 
13). 

Concerning the other fungus in the study, P. citrinum 
EPAMIG 0086 showed one point (pH 6 to 5) in pH 
decrease in the first 15 h, followed by an increase to 7, 
which was kept until the end of the experiment (120 h) 
(Table 11). Probably, the pH variation helped the Cu 
removal by this fungus (Table 12) (44% Cu removal after 
120 h), since the removal of this element was significant 
with time variable (directly related to the pH variation). 
For the other elements, this relationship was not 
observed.  

For Mn and Zn, there was no significance between 
these two variables. However, a significant removal of Mn 
(62%) and Zn (48%) was also obtained by this fungus 
(Table 13). These results did not corroborate those 
obtained in removal tests of trace elements on a 
laboratory scale after 5 days of incubation, with initial 
concentration of 5 mgL

-1 
(same condition of biofilters 

removal test). Thus, the following results were found: 
21.7% removal of Cu, 6.5% Mn, and 1.6% of Zn (Tables 
5, 7 and 9). Probably, this difference is due to the 
influence of the initial pH used in both tests, pH 5 on a 
laboratory scale and 6 in the aerobic biofilters. According 
to Tay et al. (2010), as initial pH increases, the active 
sites are being deprotonated and strengthened the 
charge attraction, thus leading to significant increase in 
Cu (II) biosorption uptake. 

The above mentioned results were also obtained by 
Verma et al. (2013). They observed that the biosorption 
potential of immobilized biomass was higher than the 
biosorption potential of free biomass. When compared Cu 
Biosorption potential of immobilized and free biomass of 
fungus P. citrinum immobilized they obtained 76.2% of cu 
removal by immobilized biomass and 74% by free 
biomass. They also showed that the biosorption 
increased with rise in pH but can be concluded that no 
significant change in the amount of Cu (II) removal was 
observed after pH 5.0 (Verma et al., 2013).  

Hemambika  et  al. (2011)  studied  the  trace  elements 

 
 
 
 
biosorption by Aspergillus sp. and Penicillium sp. isolated 
from effluent collected from an electroplating industry at 
India that uses copper, cadmium and lead for plating. 
They compared the trace elements removal by 
immobilized cells in sodium alginate and free cells. They 
achieved 60.94 and 46.91% of Cu removal by Aspergillus 
sp. immobilized and free cells respectively. For the 
Penicillium sp., it showed 97.21% of Cd removal by 
immobilized cells and 95.27% by free cells. Relative to 
the best pH to trace elements removal, the authors 
observed that to Penicillium sp. growth and trace 
elements removal which is pH 6; the same pH value 
reached in this research (Table 11). Then, it is evidence 
that the pH medium obtained with the P. citrinum 
EPAMIG 0086 cultivation facilitated the trace elements 
removal. 

Fourest and Roux (1992) also related a greater trace 
element removal percentage (mainly Zn) by the filament-
tous fungus Rhizopus arrhiizus in pH near neutrality, as 
well as a decrease of the removal proportional to pH 
decrease. These authors explain that this phenomenon 
happens due to the competition by protons and trace 
elements to the binding sites present on the fungal cell 
wall. The same was previously observed by Galun et al. 
(1987) regarding the Zn

2+
 uptake by Penicillium digitatum. 

In this study, removal of Zn was highly sensitive to 
variations in pH, being inhibited at a pH below 3. 
Probably, this phenomenon occurs also in the present 
work with fungus A. niger EPAMIG 0084, since this 
fungus changed the media pH from pH 6 to 3 (Table 11) 
and showed only 29.4% of Zn removal (Table 13) in 
aerobic biofilters removal test.  

Another study evaluated Cu
2+ 

biosorption by Penicillium 
cyclopium. Removal was considered strongly dependent 
on pH, on the amount of biomass and on the 
concentration of Cu ions in the solutions. The biosorption 
process was fast and, in the first 5 min, up to 75% of the 
total Cu ions were deposited on the surface of the fungus 
under study (Tsekova et al. 2006). 

After evaluation of the present results (Tables 12 and 
13), it may be concluded that throughout the whole 
experiment, the fungus P. citrinum EPAMIG 0086 more 
efficiently removed most of the trace elements studied as 
compared to A. brasiliensis EPAMIG 0084. Probably, the 
trace elements studied are sensitive to pH variation, 
which occurred in the biofilter inoculated with the fungus 
A. brasiliensis EPAMIG 0084 (Table 11). 
 
 
Scanning electron microscopy with X-ray 
microanalysis 
 
This method of assessing the presence of trace elements 
detects only those elements that are attached to the 
fungal cell wall, thus, exhibiting the trace elements that 
were removed from solution by the biosorption process. 
However, this analysis, in spite of providing quantitative 
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Figure 1. Scanning electron microscopy with X-ray microanalysis of the fungus A. brasiliensis EPAMIG 0084: control sample - 
Fungus cultivated without trace elements. 

 
 
 

 
 
Figure 2. Scanning electron microscopy with X-ray microanalysis of the fungus A. brasiliensis EPAMIG 0084 isolated from the 

contaminated region cultivated in the presence of trace elements (Cu, Mn and Zn; 5 mgL
-1

). 

 
 
 
data near the real values, cannot be regarded as a 
quantitative analysis but only a qualitative one. Figures 1 
to 6 present the results of scanning electron microscopy 
with X-ray microanalysis of A. brasiliensis EPAMIG 0084; 
IBT 26433 and P. citrinum EPAMIG 0086; INCQS 40011 

after being cultivated in the presence of a trace element 
solution (5 mgL

-1
) for 10 days in 100 rpm at 25°C. An 

evaluation of Figures 1 to 6 shows that there was the 
formation of peaks of the elements Cu, Mn and Zn for the 
four strains studied, indicating that probably the high 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

X-ray microanalysis of Aspergillus brasiliensis 
EPAMIG 0084  

Control 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

X-ray microanalysis of Aspergillus brasiliensis 

EPAMIG  0084 
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Figure 3. Scanning electron microscopy with x-ray microanalysis of the fungus A. brasiliensis IBT 26433 isolated from 

uncontaminated region cultivated in the presence of trace elements (Cu, Mn and Zn; 5 mgL
-1

). 

 
 
 
 

 
 
Figure 4. Scanning electron microscopy with X-ray microanalysis of the fungus P. citrinum EPAMIG 0086: control sample - without 

trace elements. 

 
 
 
percentage trace element removal observed in previous 
tests could be due to adsorption process of these 
elements to the fungal cell wall (2008). 

Purchase et al. (2009) and Velmurugan et al. (2010) 
also used scanning electron microscopy with X-ray 
microanalysis to show Pb adsorption by the fungus 
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IBT  26433 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

X-ray microanalysis of Penicillim citrinum 
EPAMIG 0086  

Control 
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Figure 5. Scanning electron microscopy with X-ray microanalysis of the fungus P. citrinum EPAMIG 0086 isolated from a 

contaminated region cultivated in the presence of trace elements (Cu, Mn and Zn; 5 mgL
-1

). 

 
 
 

 
 
Figure 6. Scanning electron microscopy with X-ray microanalysis of the fungus P. citrinum EPAMIG 0086, isolated from an 

uncontaminated region cultivated in the presence of trace elements (Cu, Mn and Zn; 5 mgL
-1

). 

 
 
 
Beauveria bassiana and Zn by the biomass of Fusarium 
spp. They concluded, through this technique, that the 
adsorption process is one of the mechanisms responsible 

 for removal of environment Pb and Zn by these fungi. 
Although the results from X-ray microanalyses do not 

provide  qualitative,  but  quantitative  findings, it  may  be 
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observed that the peak formed for the Zn element, for all 
strains tested, was very small in relation to the other trace 
elements evaluated. This result is in apparent contrast 
with the previous tests (atomic spectrophotometry) in that 
Zn was one of the elements removed with greatest 
efficiency by the fungus being studied (Tables 9 and 12). 
However, this element must have been absorbed by 
fungal cells, since it is very important in various 
enzymatic functions, thus showing that both adsorption 
and absorption processes play important roles in removal 
of trace elements from the environment. The same 
process may have occurred with the other trace 
elements. However, as can be seen in the Figures 2 to 6, 
many of these were attached to the fungal cell wall. 
 
 
Conclusion 
 
It can be concluded from the present results, that removal 
is probably related to medium pH. In addition, based on 
the excellent aerobic biofilters test results, P. citrinum 
EPAMIG 0086 and P. citrinum INCQS 40011, regardless 
of their origin, demonstrated to be very efficient and 
viable alternatives for solution trace element removal. 
Therefore, they may be used for coffee wastewater 
treatment. Since the trace elements are toxic, 
bioaccumulative and carcinogenic, this study can benefit 
both the environment close to agricultural regions and 
public health. Moreover, as a pilot scale project, its 
applicability in real scale becomes a very close reality, 
thereby, ensuring environmental and human health 
quality. 
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The presence of Salmonella and human pathogens in unpasteurized milk remains a public health 
hazard. The study reported the phenotypic and molecular characterization of Salmonella serotypes in 
cow raw milk, cheese and traditional yoghurt marketed for man’s consumption in Nigeria. Isolation of 
Salmonella was done on Salmonella and Shigella agar by pour plate method at 37°C. Susceptibility to 
antibiotics was determined by the disc diffusion method. Molecular characterization of the Salmonella 
serotypes and detection of some target genes was done by the polymerase chain reaction. All the 
isolates were sensitive to ofloxacin and nalidixic acid. Resistance to antibiotics was in varying 
proportions with amoxicillin (95.2%), tetracycline (90.4%) and augumentin (28.5%). Ten (10) different 
multiple antibiotic resistance patterns were observed among the serotypes. The serotypes identified 
include Salmonella typhi, Salmonella typhimurium and Salmonella enteritidis, and the serogroups 
include D (28.6%), B (52.4%), D1 (28.6%), respectively. The invA genes were amplified in all the 
Salmonella serotypes while fliC and fliB genes were absent. The rfbJ gene was detected only in S. 
Typhimurium. The recovery of multiple antibiotic resistant pathogenic Salmonella serotypes in cheese 
and yoghurt samples in the study is of great health concern. 
 
Key words: Salmonella serotype, molecular characterization, virulence genes, antibiotics. 

 
 
INTRODUCTION 
 
The presence of Salmonella and other microorganisms in 
milk underscore its importance as a vehicle of human 

infection. For this reason, the presence of Salmonella 
and human pathogens in unpasteurized milk remains a 
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public health hazard. Milk-borne illnesses have been 
recognized since the beginning of the dairy industry. 

Many diseases are transmissible via milk products; raw 
or unpasteurized milk has been a major vehicle for 
transmission of pathogens (Vasavada, 1988). The use of 
unclean teats, milking and transporting equipment 
contributes to the poor hygienic quality of traditional milk 
products (Altug and Bayrak, 2003). Milk products such as 
yoghurt, ice cream, and cheese are widely consumed 
and market for them has existed in many parts of the 
world for many generations. There are 16 million annual 
cases of typhoid fever, 1.3 billion cases of gastroenteritis 
and 3 million deaths worldwide due to Salmonella 
(Bhunia, 2008). Salmonella is the most frequent 
pathogen associated with outbreaks of foodborne 
illnesses (80.5% of the outbreaks), followed by 
Escherichia coli (10.1%) (De Buyser et al., 2001). 
Cooked food products and raw milk were most commonly 
contaminated with food borne pathogens and many of 
them were resistant to different antibiotics (Walsh et al., 
2005; Normanno et al., 2007; Okpalugo et al., 2008 and 
Novakova et al., 2010). Contamination of dairy foods with 
virulent pathogens renders them to be a source of public 
health hazard. The possible contamination sources are 
either mastitis in dairy cow or the milk itself (Carter, 
1995). Ubiquitous serotypes such as Salmonella 
Enteritidis or Salmonella Typhimurium which affect both 
man and animals generally cause gastrointestinal 
infections usually less severe than enteric fever. 
However, they also have the capacity to produce typhoid-
like infections in mice and in humans or asymptomatic 
intestinal colonization in chickens (Velge et al., 2005). 
Growing concerns over food safety among the 
consumers call for the manufacturing and processing of 
foods under extremely hygienic conditions to avoid 
possible health challenges (Farzana et al., 2009). 
According to Pui et al. (2011), epidemiologic classification 
of Salmonella is based on the host preferences. The first 
group includes host-restricted serotypes that infect only 
humans such as S. Typhi. The second group includes 
host-adapted serotypes which are associated with one 
host species but can cause disease in other hosts 
serotypes such as S. Pullorum in avian. The third group 
includes the remaining serotypes. Typically, S. enteritidis, 
S. typhimurium and Salmonella Heidelberg are the three 
most frequent serotypes recovered from humans each 
year (Gray and Fedorka-Cray, 2002; Boyen et al., 2008). 
Kauffmann-White scheme classifies Salmonella accor-
ding to three major antigenic determinants composed of 
flagellar H antigens, somatic O antigens and virulence 
(Vi) capsular K antigens. More than 99% of Salmonella 
strains causing human infections belong to Salmonella 
enterica subspecies enterica. The infectious dose of 
Salmonella depends upon the serovar, bacteria strain, 
growth condition and host susceptibility. However, single-
food-source  outbreaks  indicate  that  as  little as 1 to  10 

Olufunke et al.          3775 
 
 
 
cells can cause salmonellosis with more susceptibility to 
infection (Yousef and Carlstrom, 2003; Bhunia, 2008). 
Pui et al. ( 2011) in their review article implicated poultry, 
eggs and dairy products as the most common vehicles of 
salmonellosis; including contaminated environment with 
moving animals (swines, cows and chickens) as vectors 
hence, constituting important risk factor for infection. 
Salmonellosis continues to be a major public health 
problem worldwide and contributes to negative economic 
impacts thus, making research on Salmonella gained 
great interest and concern from scientists.  

The present study reported the molecular characteri-
zation of Salmonella serotypes in cow raw milk, cheese 
and traditional yoghurt samples in Nigeria and their 
consequent health hazards in man. 
 
 
MATERIALS AND METHODS 

 
Collection of samples 
 
Thirty samples comprising each of cow raw milk, yoghurt and 
cheese were collected. Raw milk samples were collected from 
individual cows marketed at different markets in Ile-Ife, Modakeke, 
Edun-abon, and Akinlalu, Osun State, Nigeria. The raw milk was 
collected in a sterile container by placing the container underneath 

the cow for milking. Yoghurt samples were bought from the hawkers 
at various markets within the same localities while local cheese 
(wara) was equally purchased from the same market as above in 
transparent polythene bags. All cheese and yoghurt samples were 
transported to the laboratory under refrigeration (4 to 6°C) in 
thermal boxes containing ice packs and were analyzed bacterio-
logically within one hour of collection. Raw milk samples were 
transported to the laboratory at ca.4°C. All samples were collected 
between June and August, 2011. 
 
 
Isolation and characterization of Salmonella isolates 
 
Isolation of Salmonella species was done on MacConkey agar and 
Salmonella-Shigella agar (SSA) (Oxoid Ltd., Hampshire, England) 
plates. One milliliter of a five- fold dilution of raw milk and yoghurt 
was cultured on the sterile agar plates by pour plate technique. For 

cheese sample, 10 g was aseptically transferred into a sterile 
mortar and pestle, and homogenized in 90 ml sterile distilled water 
using stomacher. One milliliter of the 10 fold dilutions of the 
homogenized cheese was cultured appropriately as above. All 
plates were incubated at 37°C for 48 h. The isolates were 
differentiated first on the basis of colonial morphology and 
microscopic examination. The identity of isolates was confirmed by 
various biochemical tests with reference to Bergey’s Manual of 

Determinative Bacteriology (Buchanan and Gibbons, 1994). 
 
 

Antibiotic susceptibility 
 

Antibiotic susceptibility of isolates was performed by antibiotic disc 
diffusion technique on Mueller Hinton agar (Hi Media, Vadhani, 
India) (Clinical and Laboratory Standards Institute (CLSI) 2008). 
The antibiotics (oxoid, UK), augmentin (30 µg), nitrofurantoin (200 
µg), ofloxacin (5 µg), tetracycline (30 µg), gentamicin (10 µg), 
amoxicillin (20 µg), cotrimoxazole (25 µg), and nalidixic acid (30 µg) 
were  firmly  placed on the agar plates  previously seeded  with  the  
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Table 1. Percentage distribution of Salmonella sp. in raw 
milk, yoghurt and cheese. 
 

Sample Occurrence (%) 

Yoghurt (n= 10) 9 (90) 

Cheese (n= 10) 10 (100) 

Raw milk (n=10) 1 (10) 
 
 

 
Table 2. Antibiotic resistance profile of Salmonella sp in raw milk, 

cheese and yoghurt samples in Nigeria. 
 

Antibiotic (µg)  
Resistant 

Isolates (n)  (%) 

Nalidixic acid (30 µg) 0 0 

Cotrimoxazole (25 µg) 13 61.9 

Amoxicillin (20 µg) 20 95.2 

Nitrofurantoin (300 µg) 7 33.3 

Gentamicin (10 µg) 11 52.3 

Ofloxacin (5 µg) 0 0 

Augmentin (30 µg) 6 28.5 

Tetracycline (30 µg) 19 90.4 

 
 
 
test organisms and incubated at 37°C for 24 h. Sensitivity of the 
isolates to different antibiotics was indicated by the clear zones of 
inhibition which were measured in milliliter using a calibrated ruler. 
The diameters of zone of inhibition were compared with the 
interpretative chart of zone sizes of susceptibility to antibiotics 
(CLSI, 2008). Resistance to three or more antibiotics by isolate was 
defined as multiple antibiotic resistance (MAR). 

 
 
Polymerase chain reaction and amplification of genes  

 
The target genes selected for Salmonella sp. were invasive- invA 
(Salmonella-specific), adherence- rfbJ(B) (serogroup B), fliC (l, v) 
and fljB (e, n and z15) using appropriate primers. Oligonucleotide 
primers were used for the amplification of invA, rfbJ(B) and fljB 
genes. 

A 50 μl reaction mixture contained 1 μl of template DNA 
(approximately 50 ng), 25 Pmol of each primer, 200 μM 
deoxyribonucleotide triphosphate mixture, 8 μl of 10X PCR buffer, 
1.5 mM MgCl2, 2.5 U of Taq polymerase was used. The standard 
cycling condition after the initial denaturation step of 5 min at 94°C, 
were 1 min at 94°C, 1 min at 57°C, and 2 min at 72°C for 35 cycles 
and final extension step of 5 min at 72°C. For some strains, the 
annealing temperature was reduced to 54 to 55°C to increase the 

amount of product that was amplified. PCR products (10 μl ) were 
separated by electrophoresis in 0.8% agarose gel in Trisborate 
buffer (0.089 M Tris-base,0.089 M boric acid, 2.5 mM EDTA-Na2, 
pH 8), with the 1 kbp DNA ladder as a molecular size marker.  
 
 
Statistical analysis 

 
Comparisons of the final values were compared statistically using 
Chi-square Tests of the statistical analysis system software (SPSS 
16.0 version). P value of < 0.05 was considered statistically 
significant for all the comparisons. 

 
 
 
 
RESULTS 
 

Salmonella sp. were recovered in all the cheese and 
yoghurt samples but found in only one of the raw milk 
samples analysed. The percentage occurrence of 
Salmonella sp. in the samples includes raw milk (10 %), 
yoghurt (90%) and cheese (100%) (Table 1). The 
antibiotic susceptibility profile of the isolates from cow 
raw milk, yoghurt and cheese samples is shown in Table 
2.  

Generally, all the Salmonella serotypes were sensitive 
to ofloxacin and nalidixic acid. Resistance to antibiotics 
was in varying proportions with 95.2% developing 
resistance to amoxicillin, 90.4% to tetracycline and 28.5% 
to augumentin. Resistance was generally higher to 
amoxicillin than other antibiotics (p>0.05). 

Ten (10) different multiple antibiotic resistance (MAR) 
patterns were displayed by the isolates with 41.17% 
showing resistance to three different classes of antibiotics 
(Table 3). All the Salmonella serotypes were multiple 
antibiotic resistant. 

Table 4 shows the result of the polymerase chain 
reaction for the detection of Salmonella serotypes. The 
serotypes identified include S. typhi, S. typhimurium, S. 
Enteritidis, and the serogroups were D, B, D1 
respectively. Out of the 21 strains of Salmonella species, 
52.4% belong to B serogroup while 20.0 and 28.6% 
belong to D and D1 serogroups respectively. The invA 
gene was amplified in all the Salmonella serotypes while 
rfbJ was detected only in S. Typhimurium. The genes fliC 
and fliB were absent in all the serotypes. Figure 1 
presents the PCR amplification of invA and rfbJ genes in 
Salmonella serotype obtained from cow raw milk and milk 
products.  
 
 

DISCUSSION 
 

The detection of S. typhi, S. typimurium and S. enteritidis 
in cheese and yoghurt samples analysed may probably 
be due to contaminated water in processing traditional 
dairy products, infected people who produce dairy 
products, contaminated equipment, and lack of public 
and individual hygiene. In this study, only 4.8% of the raw 
milk samples yielded Salmonella isolate. This may likely 
be due to observance of simple hygiene during collection. 
The findings of this present studies agree with the reports 
of earlier researchers who reported the presence of 
pathogenic bacteria in cow milk in Czech Republic, cow 
foremilk in Botswana, pasteurized milk and soya milk in 
Nigeria (Adeleke et al., 2000; Schlegelova et al., 2002; 
Guta et al., 2002; Okpalugo et al., 2008). 

Previous studies by Fontaine et al. (1980) reported the 
isolation of S. typhi as the causative agents of mastitis in 
dairy animals which perhaps might have led to the 
contamination of milk from the udder of infected animals. 

 Salmonella sp. also reside in  the intestinal tract where
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Table 3. Multiple antibiotic resistance patterns among the Salmonella isolates in raw milk, cheese and 
yoghurt samples in Nigeria. 
 

No. of 

antibiotic 
MAR patterns Isolates Total (%) 

3 

COT, AMX, TET 1 

7 (41.17) 
AMX, AUG, TET 2 

AMX, NIT, TET 2 

AMX, GEN, TET 2 
    

4 

COT, AMX, AUG, TET 1 

7 (41.17) 
COT, GEN, AUG, TET 1 

COT, AMX, GEN, TET 4 

COT, AMX, AUG, TET 1 
    

5 COT, AMX, NIT, GEN, TET 1 1 (5.88) 

6 COT, AMX, NIT, GEN, AUG, TET 2 2 (11.76) 
 

NAL,Nalidixic acid; COT, Cotrimoxazole; AMX, Amoxicillin; NIT, Nitrofurantoin; GEN, Gentamicin; AUG, 
Augmentin; TET, Tetracycline; MAR, multiple antibiotic resistance. 

 
 
 

Table 4. Detection of Salmonella serotypes by Polymerase Chain Reaction. 
 

Salmonella 
serotypes 

Serogroup 
Antigenic 

formular 

Percentage 
number (%) 

Number of strains positive for target gene 

lnvA rfbJ fliC fljB 

Typhi D 9,12 (Vi):d 4 (20.0%) 4 - - - 

Typhimurium B 4,(5),12:i:1,2 11 (52.4%) 11 11 - - 

Enteritidis  D1 9,12:g,m 6 (28.6%) 6 - - - 
 

-, Not found. 

 
 
 
they cause gastro-enteritis in animals and may have 
occurred in milk as a result of faecal contamination. 

All the Salmonella serotypes (S. typhi, S. typimurium 
and S. enteritidis) were resistant to more than three 
classes of antibiotics used. Resistance by isolates to 
antibiotics may however, have been acquired from over 
exposure to antibiotics particularly in the veterinary sector 
or to a lesser extent from natural sources especially when 
some of the antibiotics tested in this study are commonly 
used in both the health and veterinary sectors. Studies 
had reported that of the more than 1 million tons of 
antibiotics released into the biosphere during the past 
years, approximately 50% are estimated to flow into the 
veterinary and agricultural channels (Mazel and Davies, 
1999). The application of these antibiotics at sub-thera-
peutical levels for increased growth and feed efficiencies 
in farm animals is an integrated part of modern 
agriculture worldwide, and this leads to the emergence of 
antibiotic-resistant microbes (Prescott, 2000). When the 
same antibiotics are used in humans as in animals, 
resistant microbes which passed on to humans from 
animal sources could then lead to treatment failure in 

humans with serious public health implications. The 
present study recorded high resistance to amoxicillin, 
cotrimoxazole and tetracycline, which could be due to 
misuse of these antibiotics in disease conditions. This 
study also reveals that all the multi-resistant strains 
showed a characteristic tetracycline resistance trait. This 
may account for the indiscriminate use of the antibiotic 
invariably resulting to selection by the organism. 
Reduced susceptibility to tetracycline has been reported 
common in S. typhimurium isolates from healthy breeder 
and broiler flocks in Portugal (Clemente et al., 2014). The 
multiple resistance recorded in our study was against 
those antibiotics frequently employed in public health and 
veterinary sectors. The sensitivity of all the Salmonella 
serotypes to nalidixic and ofloxacin may account for the 
non- abuse of these antibiotics. 

Pui et al. (2011) in their review reported that 
Salmonella strains resistance to one or more antibiotics 
have increased in the Saudi Arabia, United States, United 
Kingdom and other countries of the world. This is due to 
the increased and uncontrolled use as well as easy 
accessibility to antibiotics in many countries of the world
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Figure 1. The PCR amplification of invA and rfbJ genes in Salmonella serotype obtained from cow raw 

milk and milk products. M, 100-bp DNA ladder; lanes 3, 4, 6, 10, S. typhimurium isolates; lanes 1, 2, 5, 7, 
8, 11; S. typhi isolates; lane 9, S. Enteritidis;  lane12, positive control; lane 13, negative control. 

 
 
 
(Grob et al., 1998; Yoke-Kqueen et al., 2007). In this 
study, S. typhi and S. typhimurium were multiresistant to 
the antibiotics tested, thus confirming the earlier reports 
in Africa. Emerging resistance in S. typhi has been 
described especially in Africa and Asia and the 
appearance of S. typhimurium DT104 in the late 1980s 
raised main public health concern, thereby threatening 
the lives of infected individuals (Grob et al., 1998). 
Evidence exists to suggest that not only are such 
antibiotic resistant strains more difficult to control in terms 
of human infection, they may also be more resistant to 
heat processes (Davidson and Henson, 1995). This is of 
great concern because majority of infections with MAR 
Salmonella are acquired through the consumption of 
contaminated foods of animal origin such as swines and 
chicken eggs.  

Asai et al. (2010) mentioned that cephalosporin and 
fluoroquinone-resistant strains of S. Choleraesuis have 
been identified in swines in Taiwan and Thailand. 
Previous study by Prapas et al., (2008) reported that S. 
typhimurium and Salmonella Heidelberg ranked first and 
second, respectively in multidrug resistance, and is 
among the most commonly isolated serovars from dairy 
products. 

Due to the use of antibiotics for the promotion of growth 
and prevention of disease in food animals, there is an 
increase of human salmonellosis cases caused by food-
borne MAR Salmonella nowadays (Yang et al., 2010). 
This indiscriminate and injudicious use of antibiotics in 
any setting especially in food animals worldwide should 
be monitored to reduce the transfer risk of MAR 

Salmonella to humans. Finally, there is a need for 
continuous surveillance and sharing of antimicrobial 
susceptibility data for Salmonella among countries 
worldwide to ensure the effectiveness of control 
programmes. 

The amplification of invA and rfbJ genes by polymerase 
chain reactions in the Salmonella serotypes revealed that 
the isolates are pathogenic. S. typhimurium was the most 
predominant occurring serotype (52.4 %). The presence 
of invA and rfbJ genes may cause Salmonella infections 
to become invasive and result in bacteremia and serious 
extra intestinal disease since it is the genes code for 
invasion and attachment. Salmonella serotypes have 
been implicated in several diseases, including enteric or 
typhoid fever (primarily S. typhi and S. paratyphi), 
bacteremia, endovascular infections, focal infections 
(osteomyelitis), and enterocolitis (typically S. 
typhimurium, S. enteritidis, and S. heidelberg) (Brenner et 
al., 2000). 
 
 
Conclusion  
 
The recovery of MAR pathogenic Salmonella serotypes in 
cheese and yoghurt samples in the study areas calls for 
great health concern as these organisms have been 
associated with salmonellosis and other grave diseases. 
Good quality raw materials for product processing, 
adoption of Good Manufactured Practices (GMP) and 
strict personal hygiene will ensure safety and high quality 
dairy products. 
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Most African foods used in weaning are usually fermented cereals which supplies mainly carbohydrate. 
Unless these are supplemented with other nutrient sources, they may lead to excessive intake of 
carbohydrate which might cause malnutrition in growing children. Minimum dietary requirements of a 
child for protein could be met through fortification with legumes like cowpea, peanuts or soybeans but 
they contain raffinose family of oligosaccharide (RFOs), which are responsible for gas formation, 
bloating and flatulence in children. This work aims at using Lactobacillus plantarum and the enzyme α- 
and β-galactosidases it produces, to hydrolyse raffinose to simple sugars and hence improve the 
raffinose-containing weaning foods. Three strains of L. plantarum obtained from fermented cereal 
gruels and identified using both classical and molecular methods were selected after screening for their 
ability to produce these enzymes in abundance. They were used to ferment different combinations of 
cereals and legumes. The oligosaccharide profile before and after the various pre-treatment methods 
and fermentation were determined using gas chromatography with flame ionization detector (GC-FID). 
Data obtained were analysed using ANOVA at p < 0.05. Fermentation for 120 h with L. plantarum 
reduced the total RFO content of soybeans to different levels in the samples. Losses of 30, 28 and 37% 
in stachyose, raffinose and verbascose, respectively were observed in the fermented raw samples; 72, 
58 and 41% reduction in the fermented cooked samples and 76, 68 and 71% reduction in the roasted 
samples relative to the untreated samples. The use of galactosidase enzymes by L. plantarum from 
fermented cereals reduced the raffinose-oligosaccharide profile with simultaneous increase in reducing 
sugar levels. Adequate weaning foods can be prepared with such and the problem of bloating, gas 
production and flatulence can be solved by the action of L. plantarum in legume-cereal blends. 
 
Key words: Raffinose-oligosaccharides, soybeans, fermented cereals, Lactobacillus plantarum, alpha-
galactosidase, weaning foods. 

 
 
INTRODUCTION 
 
Raffinose is a trisaccharide composed of galactose, 
fructose and glucose. It can be found in beans, cowpea, 
pigeon pea, Bambara groundnut, other vegetables, and 
whole grains. It can also be found in honey and brown 
sugar. Raffinose can be hydrolyzed to D-galactose and 
sucrose by the enzyme alpha-galactosidase and beta-

galactosidase (α and  -GAL), enzymes not found in the 
human digestive tract. Alpha-GAL also hydrolyzes other 
α-galactosides such as stachyose, verbascose, and 
galactinol, if present. The enzyme does not cleave β-
linked galactose, as in lactose (Storey et al., 1998; 
Townsend and Pitchford, 2012). 

The raffinose family of oligosaccharide (RFOs) is 
alpha-galactosyl derivatives of sucrose, and the most 
common are the trisaccharide raffinose, the tetra-
saccharide stachyose, and the pentasaccharide 
verbascose. RFOs are almost ubiquitous in the plant 
kingdom, being found in a large variety of seeds from 
many  different  families,  and  they  rank  second only  to 

sucrose in abundance as soluble carbohydrates (Storey 
et al., 1998; Townsend and Pitchford, 2012). It is a 
dextrorotatory trisaccharide, occurring in cotton seed and 
in the molasses of beetroot, composed of d-galactose, d-
glucose, and d-fructose and formed by transfer of d-
galactose from UDP-d-galactose 
(http.www.righthealth.com/corp/doingright). 

Production of the enzyme α-galactosidase is a 
desirable quality of L. plantarum that could be harnessed 
for the breakdown of Raffinose-oligosaccharide into 
simple sugars α-galactosidase enzyme is known to break 
down raffinose at the α-1, 4 glycosidic bond while β-
galactosidase is able to breakdown the chain at the β-1, 6 
positions. The production of α and β galactosidase by L. 
plantarum can be employed to break down the raffinose 
oligosaccharide that is present in soybeans through 
fermentation. Also, Rodriguez et al. (2009) opined that L. 
plantarum is the commercial starter most frequently used 
in the fermentation of food products of plant origin
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because of its ability to produce the enzyme α-
galactosidase. 

L. plantarum belong to a group of bacteria called lactic 
acid bacteria (LAB). They are a group of bacteria 
characterized by their ability to synthesize lactic acid. 
Typical LAB are gram-positive, non sporing, catalase -
negative, devoid of cytochromes, anaerobic but 
aerotolerant cocci or rods that are acid-tolerant and 
produce lactic as the major end product during 
fermentation (Olaoye and Onilude, 2009). Their use in 
fermented foods dates back to ancient times because of 
their contribution to taste, aroma, flavour and increased 
shelf life of foods that contain them. They are however 
regarded as safe in foods because of their use as 
‘probiotics’ in food. Lactic acid bacteria have also been 
isolated from several indigenous and African fermented 
foods such as Ogi, Foofoo, Gari, kefir, kumiss, Tofu, 
Mawe and drinks such as Nunu, Palm wine, Agadagidi, 
and Burukutu, etc (Oyewole and Odunfa, 1998). 

L. plantarum has however been named as one of those 
good, useful and safe bacteria probiotics, as defined in a 
FAO/WHO (2002) report, as ‘live microorganisms which 
when administered in adequate amounts confer a health 
benefit on the host’. Probiotics are beneficial bacteria in 
that they favourably alter the intestinal microflora balance 
such as reconstruction of normal intestinal microflora 
after disorders caused by diarrhoea, antibiotic therapy 
and radiotherapy. L. plantarum inhibits the growth of 
harmful bacteria, promote good digestion, boost immune 
function and increase resistance to infection (Ammor et 
al., 2006). It also exercises some therapeutic effect in the 
gut by its ability to breakdown complex oligosaccharide 
which causes bloating and gas production (Cummings 
and MacFarlene, 2007). 

L. plantarum has been implicated in the breakdown of 
oligosaccharide in the colon, breakdown of unused 
energy substances and stimulation of cell growth by 
authors like Cummings and MacFarlene, (2007). It has 
also been noted that the breakdown of ROF is slower in 
adults and infants but this can be achieved by the con-
sumption of fermented foods that contains L. plantarum. 
Also, humans cannot digest and absorb carbohydrates 
like starches, fibre and oligosaccharide without the help 
of bacteria such as L. plantarum. L. plantarum also helps 
people with lactose intolerance to overcome the 
discomfort they experience by the consumption of such 
sugars.  L. plantarum ferments such complex sugars and 
make it available to host cell in assimilable form as 
sources of useful energy and nutrient (Gibson and Glenn, 
2004). 
 
 
MATERIALS AND METHODS 
 
Oligosaccharide determination in soybean 
 
Preparation of inocula 
 
The LAB isolates namely L. plantarum isolated from fermented 
cereal gruels and identified using classical and molecular methods  
and labelled LV1, LV2 and LV3 that were used for the various tests 
were prepared by inoculating a colony from a 24 h- old culture of 
each L. plantarum  streaked on a plate into a sterile 9 ml MRS 
broth. This was incubated for 24 h at 30°C. 
 
Standardization of inocula 
 
The LAB isolates that were used were standardized according to 
MacFarland standard using BaCl2 and HCl at the right proportion. 
The culture supernatant was also brought to the same optical 
density (OD) of 0.500 and a colony count of 3.1 × 10

3 
cfu/ml, using 

sterile MRS broth (Olutiola et al., 1993). 
 
 

Fermentation of soybeans with the isolates of L. plantarum 
 

Two batches each of 1 g, 2 g and 3 g each of the raw, cooked and 
roasted soybeans were weighed in triplicate into screw capped 
bottles. The first batch was used for the uncured isolates while the 
second batch was used for the cured isolates. Sterile distilled water 
(10 ml) was  added to it  for  the  sample  to  become  a  paste. 1 ml  
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each of the standardised inocula of cured and uncured L. plantarum 
were added separately to the two batches and allowed to ferment 
for five days. Samples were taken for reducing sugar and 
oligosaccharide content determination every 24 h. A control was set 
up for the samples with additional 1ml of sterile distilled water in the 
samples without the organisms. 
 
 

Production of enzymes alpha and beta-galactosidases 
 
The method of Mital et al. (1973) as modified by Hassan and Durr 
(1974) were used for the determination and assay of both enzymes. 
 
 

Determination of raffinose, stachyose and verbascose 
 
The method of Beutler (1998) as modified by Black and Bagley 
(2007) and Townsend and Pitchford (2012) were used. Milled 
soybean seed, 0.50 g (to pass a 0.5 mm sieve) and fermented 
samples were weighed accurately into glass test-tubes (18 × 150 
mm). Ethanol, 5 ml (95 % v/v) was added to each tube and 
incubated at 84 to 88°C for 5 min to inactivate endogenous 
enzymes. The tube contents were quantitatively transferred to a 50 
ml volumetric flask and the volume adjusted to the mark with 50 mM 
sodium acetate buffer (pH 4.5). The samples were allowed to 
extract over 15 min with occasional swirling. An aliquot (approx. 5 
ml) of this slurry was transferred to a glass test tube (16 × 120 mm).  
Chloroform, 2 ml was added and mixed vigorously on a vortex 
mixer for 15 s. It was centrifuged at 1 500 g for 10 min to remove 
most of the lipids from the aqueous phase into the chloroform 
(lower phase); and the insoluble plant material that concentrated 
between the phases. The upper (aqueous) phase was analyzed 
and diluted accordingly.   
 
 

Methods 
 
The Oligossaccharide profile of the samples was determined by 
multiplying the absorbance difference of the blank and samples with 
the final volume of the mixture and molecular weight of the sample 
assayed. 
 
The concentration of the oligossacharides was determined by: 
 
c = V × MW × ΔA [g/L] 
 Where, V = final volume [mL], MW = molecular weight of the 
substance assayed [g/mol] 
  = 6300 [l × mol

-1
 × cm

-1
]; v = sample volume [mL]. 

 
 
Raffinose: 
 
c = 2.62 × 504.5 × Δ A raffinose [g/L] 
= 6300 × 1 × 0.2 
= 1.049 × ΔA raffinose [g/L] 
 
 
Verbascose: 
 
c = 2.62 × 624.59 × Δ A verbascose [g/L] 
= 6300 × 1 × 0.2 
= 1.299 × ΔA verbascose [g/L] 
 
 
Starchyose: 
 
c = 2.62 × 666.574 × Δ A stachyose [g/100g] 
6300 × 1 × 0.2 
= 1.386 × ΔA stachyose [g/L] 
 
The method of Beutler (1998) as modified by Black and Bagley 
(2007) was used. The GC-FID is an instrument that measures the 
concentration of organic substances. It is frequently used as a 
detector in gas-chromatography. The operating principle is based 
on the detection of organic compounds formed during the break 
down of complex substances. It can measure organic substance 
concentration at very low and high levels Model is (Perkin-Elmer). 
 
 
Production of reducing sugars during fermentation 
 
The total reducing sugars produced was determined using the 
method of Bernfeld (1955). The readings obtained through a 
spectrophotometer were subjected to a standard curve of glucose. 
The other sugars were calculated from the curve also. 
 
 
Statistical analysis 
 
The  statistical  analyses carried  out  include  analysis  of  variance,
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Figure 1.  Residual oligosaccharide content of raw soybeans during fermentation with L. plantarum. Values 
are means of replicate determinations shows significance in the samples (P<0.05). 
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Figure 2. Residual oligosaccharide content of cooked soybeans during fermentation with L. plantarum. 
Values are means of replicate determinations shows significance in the samples (P<0.05). 
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Figure 3.  Residual oligosaccharide content of roasted soybeans during fermentation with L. plantarum. 
Values are means of replicate determinations shows significance in the samples (P<0.05) 

 
 
 
Duncan multiple range of variables, mean, standard deviation and 
Standard error using SAS Analytical package. 
 
 

RESULTS   
 

Figures 1, 2 and 3 show the oligosaccharide content 
(mg/100 mg)

1
 of the samples as the fermentation 

progresses. L. plantarum was able to reduce the 
oligosaccharide content of the samples, even though the 
different pre-treatment methods have reduced the 
oligosaccharide content to an extent, fermentation with L. 
plantarum was able to break it down further, and there 
was reduction in the oligosaccharide content from 0 to 
120 h as observed in the samples. 
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Figure 4. Timed profile of reducing sugar by L. plantarum isolate LV1, LV2 and LV3 during fermentation with 
raw soybeans. Values are means of replicate determinations shows significance in the samples (P<0.05). 
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Figure 5. Timed profile of reducing sugar by L. plantarum isolate LV1, LV2 and LV3 during fermentation with 
cooked soybeans. Values are means of replicate determinations shows significance in the   samples (P<0.05) 

 
 
 
Figure 1 shows the comparative oligosaccharide content 
(mg/100 mg)

1
 from cooked soybeans fermentation by L. 

plantarum isolate. Cooking has reduced the oligosac-
charide content of the soybeans before fermentation 
compared to what was found in raw (3.6) to (1.7). With 
cooked soybeans, there was a reduction in the oligosac-
charide content from 0 hr to 120 h.  No significant 
reduction (p< 0.05) was observed between 0 to 24 h, but 
at 48 h of fermentation, there was a reduction from 1.2 to 
1.0 at 48 h, 0.9, 0.8 and 0.6 at 72, 96 and 120 h 
respectively.  

Figure 2 shows the comparative oligosaccharide 
content (mg/100 mg)

1
 of raw soybeans subjected to 

fermentation by L. plantarum. The oligosaccharide con-
tent of the raw sample at 0 h was 3.6, using the isolate; 
thier reduction was rather slow.  No observable change 
was noticed until the 48th hour (2.6).  The oligosac-
charide content reduced from 2.0 to 1.7 at 96 h and at 
120 h to 1.2. 

Figure 3 shows the comparative oligosaccharide 
content (mg/100 mg)

1
 of the roasted soybeans subjected 

to fermentation by L. plantarum. Roasting reduced the 
oligosaccharide content a lot before fermentation from 
3.6 in raw to 1.4. The highest oligosaccharide content 
observed was 1.4, it reduced from 1.4 to 1.1 at 24 h, then 
to 0.9, 0.8, 0.7 and 0.6 at 48, 96 and 120 h, respectively.  

There was a significance reduction (p=0.05) in the 
oligosaccharide content from 0 -120 h when the organism 
was used. The pre-treatment method had a lot of signi-
ficant difference (p<0.05) on the oligosaccharide content 
as it was possible for fermentation to start immediately at 
24 h. 

The analysis of variance result shows a significant 
difference (p<0.05) between the Raw, cooked and 
roasted soybeans in the reduction of oligosaccharide 
content, while it was the highest in raw sample (3.6), it 
was followed by cooked (1.7) and the least was observed 
in roasted (1.4). 

There was a significant difference (p<0.05) in the time 
interval from 0 - 120 h, also there was a significant 
difference (p<0.05) in the oligosaccharide content 
between the L. plantarum isolates that was used for 
fermentation. 

Figures 4, 5 and 6 show the effect of fermentation on 
the reducing sugar (mg/ml) content of the pre-treated 
soybeans. It could be observed that there was a 
reduction in the oligosaccharide content from 0 to 96 h 
when the L. plantarum was used for fermentation. The 
reducing sugar content of the food blend increased from 
0 to 96 h when L. plantarum was used for fermentation. 
The oligosaccharides in the samples were broken down 
by the organism into reducing sugar. At 120 h, the
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Figure 6. Timed profile of reducing sugar by L. plantarum isolate LV1, LV2 and LV3 during fermentation with roasted 
soybeans. Values are means of replicate determinations shows significance in the samples (P<0.05). 

 
 
 

Table 1. Production of α- and β-galactosidases by the selected L. plantarum. 
 

Isolate code Alpha-galactosidase Beta-galactosidase 

L. plantarum  Lv1 1.8180.002 0.9580.005 

L. plantarum  Lv2 1.8200.025 0.9470.005 

L. plantarum  Lv3 1.8050.010 0.9400.003 
 
 
 
reducing sugars reduced again.  

Table 1 shows the production of alpha and beta 
galactosidases by L. plantarum. The abundant production 
of these enzymes was a criterion that was used for 
selecting the organisms for the fermentation of the 
samples. 

Figure 5 shows a trend in the fermentation pattern 
when the L. plantarum was used to ferment the cooked 
soybeans sample. There was a significant increase 
(p=0.05) in the reducing sugar production (mg/ml) with 
the L. plantarum sample from 0 to 96 h; there was a drop 
at 120 h. It increased from 0.58 mg/ml at 0 h to 0.98 
mg/ml at 72 h and the peaked at 96 h (1.1 mg/ml) but it 
reduced to 0.84 mg/ml at 120 h. 

Figure 4 shows the reducing sugar (mg/ml) production 
by  L. plantarum isolate in the same sample when the  
raw soybeans was used, there was a gradual increase in 
the reducing sugar produced from 0 to 96 h being the 
peak (0.52 mg/ml) and 0 h (0.62 mg/ml) 48 h and (0.96 
mg/ml) at 96 h.  There was a significant reduction 
(p=0.05) at 120 h to 0.85 mg/ml. 

Figure 5 shows the reducing sugar production (mg/ml) 
by the L. plantarum isolate in the roasted sample. There 
was an increase in the reducing sugar from 0 to 72 h 
respectively, from 0.62 to 0.72 and 1.0 mg/ml.  The peak 
was observed at 96 h (1.8 mg/ml) and a reduction to 0.98 
at 120 h. There was also a significant difference (p=0.05) 
in the various time intervals as significant changes took 
place in the cooked and roasted samples but this was not 
observed in the raw samples. 
 
 
DISCUSSION  
 
The breakdown of raffinose family of oligosaccharide was 
achieved by the use of L. plantarum to ferment the 
different soybeans sample. Accompanying the break-
down of oligosaccharide is the production of reducing 
sugars which the complex sugar is broken down into. 

The effect of  processing on  the  sugars and  total RFO 

content of the legume revealed that cooking in water and 
roasting resulted in a loss of RFO to an extent when 
compared with the raw samples. The results agree with 
those earlier reported by Burbano et al. (1990) and 
Hymowitz (2012) who established that oligosaccharide 
content of legumes was influenced and reduced by 
different pre-treatments methods and environmental 
factors; but fermentation is able to reduce it to a level that 
is safe for consumption. Both processes involved the use 
of heat.  

Hence, the reductions may have been due to heat 
induced hydrolysis of the oligosaccharide to simple 
disaccharides. These findings are in agreement with 
those reported for cowpeas and other legumes in the 
work of Oboh et al. (2000). Cooking also resulted in slight 
loss of sugar which is in agreement with the result of 
Somlari and Balogh (1993).  

Fermentation for 120 h with L. plantarum reduced the 
total RFO content of soybeans to different levels in the 
samples. Losses of 30, 28 and 37% in stachyose, 
raffinose and verbascose respectively were observed in 
the fermented raw samples. A 72, 58 and 41% reduction 
in stachyose, raffinose and verbascose respectively was 
observed in the fermented cooked samples. Fermented 
roasted samples showed a 76, 68 and 71% reduction in 
stachyose, raffinose and verbascose respectively when 
compared to raw seeds. These losses were significant at 
the different fermentation time. This is also similar to the 
findings of Mulimani and Ramaligam (1995) who reported 
complete hydrolysis of stachyose and raffinose to more 
than 60% hydrolysis due to fermentation. 

The reduction of RFO in the raw sample was small 
when compared to the other samples. This may be as a 
result of the relative hardness of the seed coat which 
limits the uptake of water and may prevent thorough 
fermentation of the samples. Significant reduction in the 
RFO content has been reported during fermentation and 
other forms of pre-treatment by different authors 
(Akinyele and Akinlosotu, 1991). The pre-treatment was 
however necessary to make the samples amenable to LAB 



 
 
 
 
fermentation .This is because it was not easy to ferment 
the raw samples with the hard seed coat but the pre-
treatment methods have solved this problem.  

The changes in total RFO content due to fermentation 
with L. plantarum indicated a significant reduction in all 
the samples due to the metabolic activity of L. plantarum. 
Similar findings have been reported for related 
leguminous plants such as cowpea, African yam beans, 
Jack beans and Pigeon peas by Akinyele and Akinlosotu 
(1991) and Oboh (2000). The relative reduction in the 
RFO observed in the study could be attributed to the 
presence of both alpha and beta-degradation of the 
sugars at alpha 1, 4 and beta - 1, 6 positions, 
respectively. This is similar to that obtained by Oboh and 
co-workers (2000).This is because L. plantarum produce 
the enzyme alpha-galactosidase in the medium of growth 
which is able to breakdown the oligosaccharides of the 
RFO.  

A reduction rate of about 20% was observed in all the 
sugars at every 24 up to 96 h. This is similar to the 
findings of  Leblanc et al. (2004) who reported that  L. 
plantarum was able to eliminate raffinose, a non-
digestible alpha-oligosaccharide (NDO) found in soy 
products. The combination of the various pre-treatment 
methods and fermentation of soybeans have caused a 
reduction in the RFO and ANF. This has led to increase 
in the nutritional composition of the food in which it is 
added, it also increased the availability of minerals, for 
example Ca

2+
 and Fe

2+
.
.
This observation are in 

agreement with earlier studies by Onilude et al. (1999) 
and Wakil and Onilude (2009).  

There was however, a relative increase in the reducing 
sugars profile, a 61, 53 and 32% increase was observed 
in the glucose, fructose and sucrose after the raw 
samples were fermented with L. plantarum. The 
fermented cooked samples experienced a 78, 64 and 
44% increase in glucose, fructose and sucrose, 
respectively while the fermented roasted samples 
experienced a percentage increase of 87, 71 and 52, 
respectively during fermentation of all the samples with L. 
plantarum   from 0 to 96 h. Similar findings was reported 
by  Muzquiz et al. (1993) who reported increase in the 
reducing sugar profile as the total RFO reduced due to its 
breakdown during fermentation by the enzymatic 
activities of microorganisms. The reducing sugar in the 
fermenting soybeans increased from 24 to 96 h and 
decreased thereafter in all the fermentation procedures. 
The period of rapid increase coincides with the period of 
increased total reducing content, reduced RFO, and 
alpha and beta galactosidase activity. There was a 
reduction at 120 h. The decrease in reducing sugar level 
of the fermenting powdered samples indicates that they 
are being used by L. plantarum for metabolism. Similar 
result was reported by Omafuvbe et al. (2007). 

The use of intracellular alpha-galactosidase from L. 
plantarum to breakdown raffinose, stachyose and 
verbascose in raw, cooked and roasted soybeans was 
achieved. The optimum conditions for the enzymic 
hydrolysis of raffinose, stachyose and verbascose was 
pH 5.5 at 50°C for 24 h to 96 h. Alpha-galactosidase 
showed optimum activity at pH 5.0 and 50°C, with the 
substrate p-nitrophenyl-alpha-D-galacto-pyranoside 
(PNGP). The enzyme activity showed detectable loss in 
reducing sugar production after 96 h.  This is also similar 
to the findings observed in work of Mulimani and 
Ramalingam (1995) on enzymic hydrolysis of raffinose 
and stachyose in soymilk by alpha-galactosidase.  

Another important quality of a desired food weaning 
blend is one with a low raffinose-oligosaccharide content 
in which the complex sugar has been reduced to a level 
that is digestible or metabolisable by the infants as well 
as making the reducing sugar readily available for energy 
production. This was achieved in the food blend 
formulated in this work. With the use of L. plantarum, 
there was a reduction in the oligosaccharide content of 
roasted soybeans from 0 to 96 h. Furthermore, there was 
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an increase in the reducing sugar content of the 
soybeans during fermentation.  This corroborates the 
work of Esponsa and Ruperez (2006) which reported a 
reduction of galacto- oligosaccharide content of soybeans 
during fermentation.  The reduction of RFO, ANF and 
other unwanted or toxic substances during fermentation 
and improvement of the nutritional composition of the 
food by L. plantarum is one of the attributes of a good 
starter culture. The results of this study agrees with that 
of Le Blanc et al. (2004) on selection of the optimum 
growth conditions of L. plantarum with elevated levels of 
alpha-gal to be used in the reduction of  non- reducing- 
oligosaccharide in soy products when used as starter 
cultures (Amankwah et al., 2012; Nagai et al., 2012). 

The presence of trisaccharide- oligosaccharide 
raffinose, a member of RFO in soybeans also received a 
good treatment. L. plantarum produces enzyme α- and β-
galactosidase that are able to break down the foods in 
which the consumption of raffinose is high (Hymowitz, 
2012). Apart from the discomfort that is usually 
experienced, it results in vomiting, diarrhoea, weight loss 
and malnutrition, because the little child cannot 
metabolise the complex sugar if consumed on a regular 
basis, malnutrition sets in. L. plantarum was thus able to 
metabolise the complex sugar and break it down to 
simple sugars in a manner that is readily available and 
metabolisable by the growing infants so that they can use 
such for growth. 

L. plantarum is able to metabolize the large amount of 
complex sugars that are present in soybeans and 
therefore reduce or remove the limited use and the 
barrier to wide use of the leguminous food plant. 
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The aim of this study was to develop Greek yogurt flavored with pequi and to assess its 
physicochemical and microbiological characteristics, as well as its shelf-life, sensory acceptance and 
purchase intent. Four yogurt formulations were prepared: no addition of Pequi pulp (control - treatment 
1), 1% pequi pulp (treatment 2) 2% pequi pulp (treatment 3) and 3% pequi pulp (treatment 4). The levels 
of fat, moisture and ash showed no difference between formulations. For protein, Greek style yogurt 
with 2% pequi pulp showed the highest values. Clear yellowish color was observed in yogurts, with a 
tendency to red and green. All yogurt samples prepared with up to 22 days of storage showed pH and 
acidity values in accordance with Brazilian legislation. Microbiologically, yogurts were stable and with 
satisfactory sanitary conditions for consumption. Greek style yogurt with type 2% pequi pulp showed 
the greatest acceptance by consumers. In conclusion, Greek style yogurt flavored with pequi is a good 
food alternative, because in addition to market innovation, it has high nutritional value and good 
acceptance by consumers. 
 
Key words: Fruits from the cerrado region, sensory acceptance, concentrated yogurt, fruit pulp, 
physicochemical characteristics. 

 
 
INTRODUCTION 
 
Consumers have shown preferences for healthy and 
innovative foods due to health concerns. The quality of 
food products and their influence on human nutrition and 
health deserve a prominent place in the scientific 

community (Lazaro Filho et al., 2007). 
In this context, yogurt stands out, which is a milk 

derivative, obtained by fermentation produced by 
symbiotic cultures such as Lactobacillus delbrueckii 
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Figure 1. Pequi fruit (1) and Greek style yogurt (2). 
 

 
 

subsp. Bulgaricus and Streptococcus thermophilus (Leal 
et al., 2013). 

Machado et al. (2012) reported that the consumption of 
yogurt has increased and attributed this to benefits such 
as facilitated absorption of calcium, phosphorus, iron and 
the action of proteins and digestive enzymes. 

Considered as an intermediate product between 
traditional fermented milks and non-matured cheeses 
with high moisture content such as quark, boursin and 
petit suisse cheeses, concentrated yogurt is produced in 
several countries with different names: labneh (East), 
skyr (Island), shrikhand (India) and Greek style yogurt 
(Greece and Brazil ) (Ramos et al., 2009). 

Greek style yogurt is a thick, creamy and semi-solid 
product due to the high concentration of total solids 
obtained by coagulation and decrease of milk pH added 
of soluble solids and other food substances and 
submitted to acid fermentation through the action of 
specific microorganisms for periods of time longer than 
traditional yogurts. 

The sensory characteristics of yogurts may be 
improved by adding flavorings and fruit pulps, providing a 
distinctive combination of lactic acid flavor and fruit flavor 
(Miguel et al., 2010). Fruits from the cerrado region of 
Brazil have become an option for adding value to yogurts 
due to their high nutritional value and sensory attractives 
such as, color, flavor and unique and intense aroma 
(Almeida et al., 2008). 

Although the consumption of fruits from the cerrado 
region has grown substantially in recent times, they are 
still not commercially exploited, either by lack of 
knowledge or lack of incentives for their commer-
cialization and market consolidation. Their use in cooking 
has aroused interest in many segments of society such 

as farmers, industry, research institutions and health and 
food agencies (Oliveira et al., 2008). 

Caryocar Brasiliense, Cambess is a fruit of high 
nutritional value, rich in vitamins A, E, C, fatty acids, 
phosphorus, potassium and magnesium, which are 
substances responsible for the proper functioning of the 
body (Sousa et al., 2012). 

The golden yellow pulp of pequi provides an attractive 
color in Brazilian cuisine, enjoyed by much of the 
population mainly due to the peculiarities of the exotic 
flavor, and characteristic strong aroma present in the 
fruit. 

The production of concentrated yogurt using fruits from 
the cerrado region is still inexistent and can add greater 
value to the final product, allowing an alternative income 
to producers, also contributing to higher consumption of 
fruits from this region. 

The aim of this study was to develop Greek style yogurt 
flavored with pequi and to assess its physicochemical 
and microbiological characteristics, as well as its shelf-
life, sensory acceptability and purchase intent. 
 
 
MATERIALS AND METHODS 

 

This project was submitted to the Ethics Research Committee of the 
Federal Institute of Education, Science and Technology of Goiás, 
Brazil and approved under Protocol n

o
. 020/2013. 

 
 
Ingredients and cultures 
 

Refrigerated bovine milk, 10% of powdered whole milk per 1000 
mL, 12% of sucrose per 1000 mL, starter cultures and cooked 
pequi pulp (Figure 1) were used for the development of Greek style 
yogurt  (Figure   1).  Refrigerated    milk   was   obtained    from   the  



 

 

 
 
 
 

 
 
Figure 2. Production flowchart of Greek style yogurt 

added of pequi pulp. 

 
 
 
Department of Livestock, Goiás Federal Institute - Rio Verde 
Campus - GO, with 2.91% protein, 3.47% fat, 3.99% lactose, 
11.35%  total dryextract, 7.88% nonfat dryextract, 599 thousands 
CS/mL somatic cell countand and 781 thousands CFU/mL total 
bacterial count. Due to the fact that processing involves heat 
treatment step (pasteurization), which aims to eliminate pathogenic 
and spoilage microorganisms, it was possible to use milk without 

any risk to the final product. The fulfillment of this step minimizes 
the exposure of consumers to high risks of contamination by a 
variety of pathogenic microorganisms present in the raw material 
(Fai et al., 2009). 

Powdered whole milk and sucrose were purchased at a local 
market in Rio Verde, GO. The starter culture used was obtained by 
pricking whole commercial yogurt containing pro-symbiotic cultures 
of S. thermophilus and L. delbrueckii subsp. Bulgaricus. Pequi pulp 
was obtained from fruits harvested in farm located at the 

municipality of Lagoa Santa, MG. The fruits were selected, cleaned 
in a 200 ppm sodium hypochlorite solution, peeled and manually 
pulped using previously sanitized stainless knives. 
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After pulping, pequi pulp was submitted to cooking at a ratio of 
1:3 (pequi pulp: mineral water) for 120 min, homogenized in an 
industrial blender and sieved. The pequi pulp used presented 

1.57% protein, 75.15% moisture, 0.32% ash, ether extract 16.76%, 
total soluble solids 17.00, pH 6.00, acidity 0.08% citric acid, 61.70 
luminosity, 13.98 red coloration and 56.81 yellow coloration. 
 
 
Yogurt processing  
 

Figure 2 shows the production flowchart of Greek style yogurt 
added of pequi pulp. Four yogurt formulations were prepared: No 
addition of pequi pulp (control - treatment 1), 1% pequi pulp 
(Treatment 2), 2% pequi pulp (Treatment 3) and 3% pequi pulp 
(Treatment 4).  

Greek style yogurt was experimentally developed in the Food 
Engineering Unit, Federal Institute of Goiás - Rio Verde Campus, 
GO. 

Refrigerated milk was added to sucrose, powdered milk and 
pequi pulp (treatments 2, 3 and 4), homogenized and submitted to 

pasteurization at temperature of 90°C for 3 min. Then, it was then 
cooled to 42°C and added to starter culture, followed by 
homogenization. After the addition of the culture, the milk was kept 
at 42°C in BOD (refrigerated incubator) for 15 consecutive hours. 
After the incubation period, the curd was transferred to polyethylene 
pots (250 mL) and stored under refrigeration at temperature of 6°C 
for eight days for analyses. 
 
 
Physicochemical analyses 
 
Pequi pulp was submitted to the following analyses: moisture, pH, 
titratable acidity, lipids, protein, ash and soluble solids content, 
which were determined in accordance with the Association of 
Official Agricultural Chemists (AOAC, 2000) and analysis of color in 
colorimeter (ColorQuest II, Hunter Lab Reston, Canada) and the 
results were expressed in L *, a * and b *, where, L * values ( 
brightness) can vary from black (0) to white (100), chroma a * from 
green (-60) to red (+ 60), and chroma b * from blue (-60) to yellow 
(+60), as reported by Paucar - Menacho et al. (2008). 

The analyses of chemical composition were determined by 
differential absorption of the infrared waves milk components, using 
equipment Milkoscan 4000 (Foss Electric A/S. Hillerod, Denmark). 
Somatic cells count (SCC) whose principle is based on flow 
cytometry was performed using equipment Fossomatic 5000 Basic 
(Foss Electric A/S. Hillerod, Denmark) and total bacterial count 

(TBC) through the device Bactoscan FC (Foss Eletric A/S. Hillerod, 
Denmark), of refrigerated bovine milk were performed at the 
Laboratory of Milk Quality, Research Center at the School of 
Veterinary and Animal Science, Federal University of Goiás. 

Greek style yogurt flavored with pequi was analyzed for moisture, 
protein, ash, and fat by AOAC (2000) and color on the eighth day of 
storage. 

The shelf-life of each yogurt formulation was evaluated in the first 

day and after 8, 15, 22 and 29 days of storage regarding analysis of 
pH using a digital potentiometer (Quimis) previously calibrated with 
pH 4.0 and 7.0 buffer. Titratable acidity was determined according 
to AOAC (2000) and expressed as percentage (%) of lactic acid. All 
analyses were performed in triplicate. 
 
 
Microbiological analyses 

 
Microbiological analyses were performed on pequi pulp and Greek 
style yogurt flavored with pequi on the fifth day of storage in order 
to verify the quality of yogurts using plating technique for the count
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Table 1.  Physicochemical analyses of Greek style yogurt flavored with pequi. 
 

Parameter 
Treatment 

CV (%) F value 
1 2 3 4 

Protein (%) 5.66 ± 0.21
ab

 5.46 ± 0.29
ab

 6.14 ± 0.46
a
 5.34 ± 1.02

b
 10.40 3.2* 

Fat (%) 5.89 ± 0.60
a
 6.44 ± 0.88

a
 6.44 ± 0.88

a
 6.44 ± 0.53

a
 11.75 1.27

ns
 

Moisture (%) 72.60 ± 0.14
a
 68.3 ± 10.48

a
 77.86 ± 11.6

a
 73.46 ± 0.76

a
 10.71 2.24

ns
 

Ash (%) 1.24 ± 0.09
a
 1.23 ± 0.16

a
 1.23 ± 0.11

a
 1.15 ± 0.11

a
 9.96 1.08

ns
 

L* 83.72 ± 0.72
a
 82.62 ± 0.4

5b
 82.02 ± 0.22

c
 81.49 ± 0.58

d
 0.64 241.27** 

a* -0.67 ± 0.33
c
 -0.42 ± 0.14

b
 0.33 ± 0.17

a
 0.24 ± 0.21

a
 -171.18 344.38** 

b* 5.36 ± 0.95
d
 9.14 ± 0.21

c
 11.39 ± 0.55

b
 12.93 ± 0.50

a
 6.33 2063.80** 

 

Averages in the same row followed by the same letter do not differ. **Significant at 1% probability. *Significant at 5% probability. 
ns

not 
significant 

 
 
 
of molds and yeasts, as well as mesophilic, psychrotrophic and 

coliforms at 30°C, according to methodology recommended by 
Silva and Junqueira (2001). 

 
 
Sensory analysis 

 
The sensory acceptance of Greek style yogurt flavored with Pequi 
was assessed at the Laboratory of Sensory Analysis - Food 

Engineering Unit, Federal Institute Goiás - Rio Verde Campus, GO. 
The samples were evaluated by 78 untrained panelists, 

consumers or not of yogurt and within the age group of 18-53 
years. Acceptance testing was carried out in individual booths. 

The four samples were served in 50 mL disposable cups 
previously coded with random three-digit numbers and presented 
under ambient light. The panelists evaluated the samples using a 5-
point hedonic scale, ranging from 1 (dislike) to 5 (liked), indicating 

how much they liked or disliked samples of Greek style yogurt 
flavored with pequi. 

To better understand the likely consumers of the yogurt 
developed, panelists were requested to answer a structured 
questionnaire on the purchase intention of Greek style yogurt with 
pequi. 

 
 
Statistical analysis 

 
The results of physicochemical analyses and acceptance test of 
Greek style yoghurt were obtained using a completely randomized 
design (CRD), in triplicate with three replicates for all analyses and 
submitted to analysis of variance (ANOVA) and Tukey's test with 
significance level of 5%  using the Sisvar Software (Ferreira, 2003) . 

For the results of physicochemical analyses of raw materials 
(milk and cooked pequi pulp), descriptive statistical analysis was 

used. 
The results of the shelf- life and purchase intent study were 

submitted to analysis of variance and regression through Microsoft 
Excel 2010. 
 
 
RESULTS AND DISCUSSION 
 
The results of physicochemical analyses of Greek style 
yogurt flavored with pequi are shown in Table 1. As 

shown in Table 1, the protein values of yogurts ranged 
from 5.34 to 6.14%. Greek style yogurt with 2% pequi 
pulp (treatment 3) had higher protein content (6.14%), 
significantly differing (p ≤ 0.05) from Treatment 4 (3% 
pequi pulp). The protein contents in this study were 
higher than those obtained by Medeiros et al. (2009) in 
different jackfruit yogurts (4.83 and 4.97%) but in 
accordance with Brazilian legislation, which establishes 
minimum protein contents in yogurt of 2.90% (Brasil, 
2000). 

No significant difference (p > 0.05) in parameters fat, 
moisture and ash was observed; however, Treatment 1 
(Greek style yogurt with no pequi pulp) showed lower fat 
content compared to the other treatments. Although they 
have been added in increasing levels of pulp of pequi in 
treatments 2, 3 and 4, no significant differences in fat 
content were observed, but treatment 1 without addition 
of pulp showed lower fat content.  

Similar fat and protein results were observed by Özer 
and Robinson (1999), who studied the behavior of starter 
cultures in concentrated yoghurt (Labneh) produced 
using different techniques. In general, Greek style 
yogurts showed clear yellowish color (high brightness 
values and positive b * component), with a tendency to 
red (slightly positive a * component) in treatments 3 and 4 
(2% and 3% pequi pulp) and green (negative a * 
component) in treatments 1 and 2 (0 and 1% pequi pulp). 
Higher L * value was observed in Treatment 1 (0% pequi 
pulp) and reduced brightness values (L *) with the 
addition of different pequi pulp concentrations. 

Carniato et al. (2013) studied the development of 
strawberry yogurt with quinoa and amaranth and found 
results similar to those of this study, observing brightness 
values of 78.28 and 68.64, chroma a * values of 1.88 and 
2.63 and chroma b * values of 4.0 and 5.41. 

The shelf- life results of Greek style yogurt flavored with 
pequi are shown in Figures 3 and 4. The titratable acidity 
(Figure 2) of Greek style yogurt flavored with pequi 
ranged from 1.31 to 1.99% lactic acid. The acidity of
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Figure 3. Characteristics of acidity kind of Greek yogurt flavored with pequis (Caryocar 

Brasiliense, Cambess) during refrigeration at 6°C for 29 days storage. 

 
 
 

 
 

Figure 4. Characteristics of pH of the Greek type yogurts flavored with pequis (Caryocar 

Brasiliense, Cambess) during refrigeration at 6°C for 29 days storage. 

 
 
 
yogurts increased during storage, regardless of the 
addition of Pequi pulp. The increased acidity is related to 
the continued fermentation process by lactic acid bacteria 
during the storage period as the result of post-acidifi-
cation of products with lactic acid production (Aportela - 
palacios et al., 2005), in which lactose is also converted 
into lactic acid (Pereira et al., 2012). 

Preci et al. (2011) observed the same behavior when 
developing light yogurt with yerba mate extract (Ilex 
paraguariensis St. Hil.) with added probiotics and 
Pimentel et al., (2012) during storage of probiotic yogurt 
with inulin-type fructan. 

The mean pH values (Figure 3) of formulations ranged 
from 4.29 to 3.78, decreasing during the storage period,
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Table 2. Results of microbiological analyses of Greek style yogurts flavored with Pequi carried out 
on the fifth day of storage. 
 

Microorganism 
Treatment 

1 2 3 4 

Total coliforms aus. aus. aus. aus. 

Mesophilic (log10) 1.57 1.45 1.26 1.20 

Yeastsandmolds (log10) 1.46 1.36 1.70 1.18 

Psychrotrophic (log10) 1.86 1.34 1.58 1.58 

 
 
 

Table 3. Acceptance results of Greek style yogurts flavored with pequi. 

 

Parameter 
Treatment 

CV (%) F value 
1 2 3 4 

Color 5.86 ± 1.06
b
 6.08 ± 1.0

ab
 6.47 ± 1.35ª 6.12 ± 1.31

ab
 19.55 3.53* 

Aroma 6.18 ± 1.30
b
 6.62 ± 1.2

ab
 7.08 ± 1.28ª 6.55 ± 1.33

b
 19.23 6.56** 

Texture 5.83 ± 1.10
b
 6.38 ± 1.1

a
 6.67 ± 1.26ª 6.23 ± 1.26

ab
 18.56 6.94** 

Flavor 5.99 ± 1.28
c
 6.55 ± 1.3

b
 7.37 ± 1.28ª 6.79 ± 1.44

b
 19.78 14.73** 

 

Averages in the same row followed by the same letter do not differ.*Significant at 5% probability. **Significant at 1% probability. 
 
 
 

corroborating with the results of Oliveira and Damin 
(2002), who observed slight decrease in pH studying the 
viability of yogurt bacteria and probiotic cultures in 
fermented milk under refrigeration at 4°C during the 
storage period. 

Yogurt cultures such as L. bulgaricus and S. 
thermophilus remain active even at refrigeration 
temperature and are able to produce small quantities of 
lactic acid through lactose fermentation, resulting in 
noticeable decrease in pH (Soares et al., 2011). Beal et 
al. (1999) in a study on the combined effects of culture 
conditions and storage time on acidification and viscosity 
of yogurt reported that yogurt will always show a 
decrease in pH and increase in acidity during storage 
under refrigeration. 

The results indicate that all treatments showed the 
same behavior throughout the storage period. All 
samples of Greek style yogurt with or without pequi pulp 
with storage period of up to 22 days showed pH and 
acidity values in accordance with Brazilian law (Brasil, 
2007), which recommends minimum values of 0.6 and 
maximum of 15 g of lactic acid per 100 g of product. 

Pequi pulp was microbiologically stable, showing total 
coliform count (absence), mesophilic (< 10

2
) and yeasts 

and molds (< 10
2
) below microbiological standards 

established by Brazilian legislation (10
4
 CFU g 

- 1
) for 

ready-to-eat products (Brasil, 2001). 
Table 2 shows the results of microbiological analyses 

of Greek style yogurts flavored with pequi prior to the 
sensory analysis (fifth day of storage). Microbiological 
analyses of Greek style yogurts flavored with pequi 
(Table 2) showed that the counts of yeasts and molds, 

total coliforms, mesophilic and psychrotrophic bacteria 
were below the limits established by Brazilian legislation 
(Brasil, 2007), indicating that the products have 
satisfactory sanitary conditions for consumption. Oliveira 
et al. (2008) reported similar microbiological results when 
studying the development of araticum yogurt. 

The sensory acceptance results of Greek style yogurts 
flavored with pequi are shown in Table 3. The sensory 
acceptance results for color showed a significant 
difference (p < 0.05) between samples of Greek style 
yogurts flavored with pequi. Samples of treatment 3 (2% 
pequi pulp) had greater acceptance, with significant 
difference from samples of treatment 1 (0% pequi pulp), 
which did not differ from samples of treatments 2 and 4 (1 
and 3% pequi pulp), respectively. For parameter aroma, 
treatment 3 showed the highest value (p < 0.01), 
significantly differing from Treatments 1 and 4 (0 and 3% 
pequi pulp), respectively. 

In relation to texture, treatments 2, 3 and 4 showed 
higher means than treatment 1 (p < 0.01), indicating good 
acceptance by consumers. For attribute flavor, treatment 
3 showed greater acceptance (p < 0.01) compared to 
other formulations (0, 1 and 3% pequi pulp). This results 
indicate greater acceptance by consumers of Greek style 
yogurt with 2% pequi pulp, showing through the purchase 
intention test (Figure 5) that over 30% of panelists would 
buy Greek style yogurt flavored with 2% pequi pulp 
(treatment 3); however, Rocha et al. (2008) studied the 
development and evaluation of yogurt flavored with fruits 
from the cerrado region and reported that yogurt flavored 
with pequi had low acceptance by judges, but were not 
rejected. 
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Figure 5. Purchase Intention of Greek type yogurts lavored with pequis. 

 
 
 
Conclusion 
 
The Greek yogurt formulated with 2% pequi pulp showed 
better sensory acceptance and higher protein content. 
The addition of the pequi pulp decreased Greek yogurt 
brightness, but increased the intensity of the yellow color, 
making it a visually attractive for the consumer.  

Based on the results of pH and titratable acidity, Greek 
yogurt enriched with pequi showed consumption the 
viability in until 22 days of storage. Pequi a typical fruit of 
the Brazilian savanna, has color, odor and flavor 
characteristic; it constitutes an alternative for inclusion in 
firm yogurts, however, work must be performed with the 
use of pulp at lower concentrations. 
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The jaboticaba (Myrciaria jaboticaba (Vell.) Berg) peel was lyophilized and the proximate composition, 
total anthocyanins and polyphenolic content were determined. The effect of the freeze-dried jaboticaba 
peels (FJP) in the plasmatic levels of glucose, lipid fractions, aspartate aminotransferase (AST) and 
alanine aminotransferase (ALT) in Wistar adult male rats was investigated. The animals were distributed 
in four groups G0 (control), G1, G2, G4, which received 0, 1, 2 and 4% FJP powder added to normal diet, 
respectively. The chemical analyses showed that FJP is a source of fiber, anthocyanins, gallic and 
ellagic acids. The FJP supplementation was responsible for a reduction in the plasmatic glucose levels 
in G2 group. Total triglycerides and cholesterol levels were reduced in the G1 animals as compared to 
G0, but the animals treated with 2 and 4% FJP showed increased total cholesterol level and LDL-
cholesterol fraction. HDL-cholesterol and hepatic probes showed no significant changes in the 
experimental groups G1, G2 and G4 in comparison to G0. 
 
Key words: Polyphenols, glucose and cholesterol levels, Jaboticaba, Myrciaria jaboticaba (Vell.) Berg.  

 
 
INTRODUCTION 
 
The consumption of exotic fruits and their byproducts has 
been strongly associated with reduced risk for developing 
chronic diseases such as obesity, cardiovascular 
diseases, type 2 diabetes, insulin resistance, 
neurodegenerative diseases,

 
cancer and others (Dragano 

et al., 2013; Lenquiste et al., 2012; Leite-Legatti  et al., 
2012; Papandreou et al., 2009). There are strong 
evidences that these properties are related to 
phytochemicals that may be able to combat the formation 

of free radicals and the increased oxidative stress. 
Moreover, these compounds present in seeds, peels and 
pulps of these fruits have anti-inflammatory, 
hypoglycemic and hypolipidemic effects (Dragano et al., 
2013; dos Santos et al., 2010; Esteves et al., 2011). 

The berries are highlighted in this context, because 
they are rich in polyphenols and have significant amounts 
of fiber (Kim et al., 2010). These compounds purified or 
within the whole food, seem to promote beneficial effects
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to the body, both in the treatment and prevention of 
chronic diseases (Tsuda et al., 2003; Guo et al., 2012). 

Studies have show that diets rich in polyphenols can 
attenuate the development of type 2 diabetes, since they 
could protect the pancreas against oxidative stress, 
preserve β pancreatic cells,

 
increase the excretion of 

insulin by these and inhibits the glucose absorption from 
intestine (Lenquiste et al., 2012; Jayaprakasam et al., 
2006). Besides phenolic compounds, the dietary fibers 
also exhibit important role in reducing blood glucose 
(Esteves et al., 2011; Kim et al., 2010). 

The bioactive compounds from products of blueberries 
are related to the reduction of cholesterol and bile acids 
hepatic synthesis, increasing fecal excretion of lipids and 
thereby reducing plasma cholesterol levels (Kim et al., 
2010). Pigs fed with a diet containing cereals/grains 
supplemented with fiber source and 1.5% blueberries 
resulted in reduced total cholesterol (Kalt et al., 2008). 
Thus, it is possible that consumption of foods containing 
a combination of phenolic compounds and fibers provide 
improvements of glycemic and lipids control in vivo. 

Jaboticaba is a tropical wild berry from Southeastern 
Brazil. Myrciaria jaboticaba (Vell) Berg. and Myrciaria 
caulifolia (DC) Berg are the varieties more suitable for ‘in 
natura’ consumption, as well as for food industry 
applications (Pinto et al., 2011). The berry diameter is 
about 3-4 cm; it has one to four seeds inside, and the 
peel is very purple. The pulp is white and sweet. 
Normally, the peel is not consumed and discarded. 
However, recent researches have been performed with 
the purpose of adding value to the use of this byproduct 
by industry (Pinto et al., 2011). 

The polyphenols from M. jaboticaba were not exten-
sively explored. However, some bioactive compounds 
were already described: anthocyanins, mainly cyanidin 
and delphinidin 3-glucoside; ellagitannins, ellagic acid, 
vitamin C, limonene, terpenes, dietary fibers and others 
(Leite-Legatti et al., 2012; Abe et al., 2012; Lima et al., 
2011; Alezandro et al., 2013). In our studies, 1 and 2% of 
FJP in diets increased systemic antioxidant status. 
Antioxidant assays performed in the plasma of animals 
increased 70 and 30% of antioxidant activity by ORAC 
and TEAC (Leite et al., 2011).  

We hypothesized that the antioxidant capacity of 
plasma from rats fed FJP could contribute to the 
improvement of glycemia and lipid profile control. The 
aim of this study was to investigate the chemical 
composition and the effects of the addition of a jaboticaba 
byproduct to the diet of adult Wistar rats concerning 
biochemical parameters.  
 
 
MATERIALS AND METHODS 
 
Preparation and chemical composition of the freeze-fried 
jaboticaba peels  
 

Jaboticaba fruits (M. jaboticaba (Vell.) Berg) were bought on a local 
market  in  Campinas in September, 2008. The  fruits were washed,  

 
 
 
 
manually peeled and the peels were frozen at -18°C.

 
The peels 

were then lyophilized in a freeze-dryer (Liobras, Brazil) at 30°C, 300 
µm Hg for 95 h. The freeze-dried product (FJP powder) was stored 
at -80°C. 
 
 

Proximate composition 
 
The contents of protein (Kjeldahl method), moisture, ash, lipids, 
fiber (acid hydrolysis) and total sugars of freeze-dried jaboticaba 
peels were determined (AOAC, 1995; Bligh and Dyer, 1959; Lane 
and Eynon, 1923; IAL, 1985).  
 
 

Extraction of bioactive compounds 
 
The FJP powder was weighed into a centrifuge tube (250 mg) and 
extracted with 15 mL of ethanol/water (60:40, v v

-1
). The sample 

was shaken in a vortex for 30 s and then allowed in water bath at 
70°C for 1 h, under agitation for each 15 min. The extract was 
filtered and allowed in an amber bottle. A second extraction was 
performed in the residue with 10 mL ethanol/water using the same 
procedure, and the supernatants combined and used to the 
following analysis (Colomeu et al., 2014). Each analysis was 
performed in triplicate. 
 
 

Folin-Ciocalteau reagent reducing substances (FCRRS)  
 
The Folin-Ciocalteau method was used to determine total 
polyphenols contents and was defined as FCRRS, since it is known 
to be affected by several interfering substances (Silva et al., 2013; 
O'Brien, et al., 2013). The total phenolic content was determined by 
using the adapted Folin-Ciocalteu method (Swain and Hillis, 1959). 
Water, Folin-Ciocalteau reagent and sodium carbonate were added 
to the extract or standard solutions, and after 2 h in the dark at 
room temperature the absorbance of samples and standard curve 
was read at 725 nm. The measurements were done using 96-well 
microplate and a microplate reader (Sinergy HT, Biotek, Winooski - 
USA). The results were expressed as gallic acid equivalents (GAE 
mg g

-1
 FJP). 

 
 

Total anthocyanins analysis 
 
The total anthocyanins were also quantified in the ethanol extract 
according to the pH-differential method described by Wrolstad 
(Wrolstad, 1993). 
 
 

Oxygen radical absorbance capacity (ORAC) assay 
 
The ORAC test (Davalos et al., 2004) was carried out adding 20 μL 
of samples extract or standard solutions, 120 μL of fluorescein 
diluted in potassium phosphate buffer (pH 7.4), and 60 μL of AAPH 
(2,2′-azobis(2-methylpropionamidine) dihydrochloride) to black 
microplates, in the dark. Trolox ((±)-6-hydroxy-2,5,7,8-tetramethyl-
chromane-2-carboxylic acid) was used as standard and the 
microplate reader (Synergy HT, Biotek, Winooski, USA) was set 
using  fluorescent filters: excitation wavelength, 485 nm; emission 
wavelength, 520 nm. ORAC values were expressed in µmol trolox 
equivalent

 
(µmol TE) per gram of FJP by using the standard curves 

(2.5 - 80.0 µmol TE L
-1

) for each assay. The fluorescence readings 
were used to the appropriate calculations. 
 
 

HPLC-DAD analysis 
 

For chromatographic analysis, 1 g of FJP was extracted in duplicate 
with 25 mL of 80% methanol at 37°C for 3 h in a shaking water bath 



 
 
 
 
bath. The analysis of the phenolic compounds from the methanol 
extracts was carried out in a high performance liquid 
chromatography (HPLC) (Agilent 1100), with manual injection (three 
injections each extract), 20 μL sample loop and ternary pump, 
coupled to a diode array detector (DAD) (Agilent G1315B), at room 
temperature. The data was obtained and processed using the 
software ChemStation (Hewlett Packard, Germany). A reverse 
phase chromatographic column (C18 Eclips ODS (250 mm × 4.5 
mm, Agilent) was used. The mobile phase was 1% orthophosphoric 
acid in water (v.v

-1
) (A) and acetonitrile (B). The elution gradient 

started at 95: 05 (A: B) at 0.7 mL min
-1

. This condition was 
maintained for 5 min and the concentration of A was decreased so 
that at 25 min it reached 60:40 (A:B) followed by a linear increase 
of solvent A to 95% until 35 min. The detection was done at 210, 
254, 280, 300 and 340 nm, which allowed the simultaneous 
quantification and the tentative identification of the phenolic 
compounds separated by the HPLC. The comparison parameters 
were elution time, spectra of absorption and sample fortification. 
The identification was carried out using the chromatograms 
obtained at each injection and compared with the absorption 
spectra and retention time of the standards. Co-chromatography 
was performed to confirm the identity of the compounds. The 
concentrations of the identified compounds were calculated from 
the analytical curves obtained using commercial products (ellagic 
acid, quercetin and gallic acid from Sigma, St Louis, MO, USA) 
under identical chromatographic conditions (Port's et al., 2013).  
 
 
In vivo experiment  
 
The in vivo assay was performed with 32 Wistar adult rats 
(individual weight of approximately 250 g), from Unicamp 
Biotherium Center (CEMIB), divided into four groups with eight 
animals each. The animals were kept in individual cages and 
received AIN-93M diet (Reeves et al., 1993) added with FJP.  

The amount of proteins was reduced to 12% and the amount of 
sucrose in the diets supplemented with FJP was modified to make 
them isocaloric.

 
The ingredients used and distributed equally 

among the diets were: starch (46.57%); dextrin (15.5%); casein 
(14.2%); cellulose (5.0%); soy oil (4.0%); mineral mix (3.5%), 
vitamins mix (1.0%); L-cystine (0.18%); choline substrate (0.25%); 
and BHT (0.0008%). The groups denominated G0, G1, G2 and G3 
received diets added by 0, 1, 2, and 4% FJP powder (described 
above) in diet, respectively and the amount of sucrose was 
adjusted to 10, 9.31, 8.62 and 7.24% for the same groups. 

The in vivo experiment was carried during 28 days. The animals 
were kept under controlled temperature (22 ± 2°C) during the whole 
experiment, with alternated periods of 12 h in light and dark. All 
animals were weighed at every two days and the diet consumed 
was monitored. At the end of the feeding period, the animals were 
fasted (12 h), killed by decapitation, the blood was collected in 
heparin-coated tubes and the plasma was obtained by centri-
fugation. The livers were carefully removed, rinsed with saline 
solution and weighted. The plasma samples were stored at -80°C. 

The experiment was performed according to ethical principles for 
experiments with animals adopted by the Brazilian College for 
Animal Experimentation (COBEA) and it was previously approved 
by the Committee for Ethics in Animal Research - CEUA/ Unicamp, 
University of Campinas, Brazil (#1627-1).  
 
 
Blood analysis 
 
Plasma lipids and glycemia were determined by using colorimetric 
enzymatic methods that employed the commercial kits Laborlab for 
quantifying blood glucose (CAS #02200), triglycerides (CAS 
#02700),  total  cholesterol  (CAS  #01400),  HDL-cholesterol  (CAS 
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#08900), ALT (#00200) and AST (#00300), and Wienerlab (São 
Paulo, Brazil) for LDL-cholesterol (CAS #1220104) were 
determined in a spectrophotometer (Beckman

®
, DU640, Corona, 

USA).  
 
 
Statistics 
 
Shapiro Wilk was used as normality test. ANOVA and Tukey test 
were carried out. A 5% significance level was used and GraphPad 
Prism 5.0 (GraphPad Software, Inc. La Jolla, CA, USA) was used 
as software.  
 
 

RESULTS  
 
The FJP powder is constituted mostly of sugars, fibers, 
polyphenols and anthocyanins with significant antioxidant 
activity (Table 1). A linear trend line showed a correlation 
between the total antioxidant activity and the antho-
cyanins values (r

2
 = 0.9744; r = -0.9871; P = 0.1023; y = 

906.03 - 0.1789x). The chromatographic analysis showed 
that FJP possessed four identified compounds: ellagic 
and gallic acid, cyanidin 3-glucoside and quercetin (Table 
1, Figure 1).  

There was no statistical difference in food intake 
among G0, G1, G2, and G3 rats (data ranging from 21.2 
± 1.4 to 22.8 ± 1.1 g per day). The intake of jaboticaba 
peel by the experimental groups showed a dependent-
dose response (214, 456 and 884 mg day

-1
 or 98.43, 

130.29 and 252.57 mg 100g
-1

  day
-1

 for G1, G2 and G3, 
respectively). As expected, the results showed no 
differences in the weight gain among animals from 
groups G0 and G1, G2 and G3.  The final body weight 
was similar among the groups with means ranging from 
356.9 ± 27.74 to 356.9 ± 22.96. The weight of livers from 
G1 rats (2.81 ± 0.12 g%) were smaller than the G0 group 
(3.31 ± 0.25 g%).  

The reduction of the blood glucose in group G2 was 
significant when compared to the control (G0). According 
to these results (Figure 2A), the addition of 2% FJP to the 
diet of rats decreased 19.8% in plasma glucose in 
comparison to G0 (117.4 mg dL

-1
 in G2 and 94.15 mg dL

-

1
 in G0). 
The G1 group showed a reduction in total cholesterol 

and triglycerides levels (Figure 2B and C). The intake of 
1% FJP caused a significant decrease (70.75%) in the 
total cholesterol levels of animals in comparison to G0. 
However, the trend was not linear: cholesterol level 
increased 61.94% in G3 compared to control group, 
reaching 47.37 ± 6.28 mg dL

-1
, which was an unexpected 

result, and could indicate that jaboticaba peels, when 
consumed in excess, may generate undesirable effects. 
A similar effect was showed in the LDL-cholesterol 
analysis (Figure 2D). Although, no change was observed 
in the levels of HDL of the experimental groups (Figure 
2E). 

There was no statistical difference in the ALT activity 
among the groups (Figure 2F). The AST enzyme
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Table 1. Proximate composition and polyphenol compounds of the freeze-dried 
jaboticaba peel. 
 

Component Content (%) SD
a
 

Moisture  22.72 0.23 

Lipids 1.27 0.07 

Ash 3.01 0.07 

Crude protein 3.90 0.12 

Crude fiber 6.45 0.28 

Total sugars
b
  59.04 0.99 

Reducing sugars 40.95 0.57 

Sucrose  18.09 0.01 

Gallic acid (mg/ 100 g) 3.87 0.15 

Ellagic acid (mg/ 100 g) 362.43 3.67 

Quercetin (mg/ 100 g) 5.17 0.05 

Total anthocyanins (mg/ 100 g) 926.78 16.55 

FCRRS  (mg GAE/g) 86.67 1.05 

ORAC (µmol TE/g) 807.00 4.83 
 
a
Standard deviation. 

b
Total sugars were calculated by the sum of reducing sugars 

and sucrose. 
 
 
 

 
 

Figure 1. Typical chromatogram of 20 mg mL
-1

 methanolic extract of freeze-dried jaboticaba peel by HPLC-DAD (254 nm). Compounds: 1) 
gallic acid; 2) cyanidin 3-glucoside; 3) ellagic acid; 4) quercetin. 

 
 
 
presented a slight tendency for activity reduction as FJP 
level increases, with no significance (P> 0.05) (Figure 
2G). 
 
 
DISCUSSION 
 
Jaboticaba peels have not been largely used by the food 
industry in commercial products. Although, the interest in 
this byproduct have increased since several bioactive 

compounds were described by some authors (Pinto et al., 
2011; Wu et al., 2013). The freeze-dried jaboticaba peel 
is a rich source of polyphenols, mainly flavonoids, 
anthocyanins and dietary fibers (Leite et al., 2011). 
Corroborating this study, ellagic acid, gallic acid, tannins, 
quercetin derivatives and anthocyanins were also 
identified by other authors (Abe et al., 2012; Alezandro et 
al., 2013). The polyphenols of FJP might be responsible 
for its antioxidant, antimutagenic, anti-inflammatory and 
antitumoral activities (Dragano et al., 2013; Leite-Legatti
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Figure 2. Plasmatic glucose levels (A), total triglycerides (B), cholesterol (C), LDL-cholesterol (D), 
HDL-cholesterol (E) and plasmatic ALT (F) and AST enzymes (G) of freeze-dried jaboticaba peel-
fed Wistar rats. The groups G0, G1, G2 and G4 received 0.00, 0.01, 0.02 and 0.04 g jaboticaba 
peel kg

-1
 in diet , respectively. Data were expressed as the mean ± SD values (n= 8). The statistical 

significance among the groups was evaluated using ANOVA and Tukey test (*P<0.05; **P<0.01; 
and ***P<0.001 when compared to G0). NS= non-significant. 
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et al., 2012; Alezandro et al., 2013). 

Polyphenol-rich fruits, as jaboticaba, is strongly 
effective in increasing insulin secretion. This could 
explain the plasma glucose reduction found in the 
present study, possibly caused by the increase in insulin 
secretion in FJP-fed animals (Lenquiste et al., 2012). The 
fibers from FJP (Table 1) could also be responsible to 
enhance hypoglycemic effect, acting in synergy with 
polyphenols from the peel (Kim et al., 2010). In addition, 
studies have shown that the intake of jaboticaba peel is 
related to an increased insulin sensitivity in liver and 
adipose tissue (Dragano et al., 2013; Lenquiste et al., 
2012). Studies with polyphenol and fiber-rich meals 
corroborate this result: reduction in plasma glucose levels 
by 13.04% (Esteves et al., 2011). 

The intake of 1% FJP caused a significant decrease 
(48.69%) in the total cholesterol and triglycerides levels 
of G1 animals. Although, the rats that consumed 4% of 
FJP showed an unexpected increase in total cholesterol, 
suggesting that there is no dose-response trend. 
However, other studies using, different animal models, 
but the same doses of FJP did not confirm this data 
(Lenquiste et al., 2012). Corroborating this study, 
Alezandro et al. (2013) showed that daily 1 and 2g kg-1 
doses of aqueous extract of jaboticaba peel were 
responsible for plasma triglycerides and cholesterol 
lowering levels. 

In another way, as in other studies, no significant 
differences in HDL-cholesterol levels were found in the 
experimental groups in comparison to the control 
(Alezandro et al., 2013).  Kwon et al. evaluated the effect 
of black soy anthocyanins addition on an hyperlipidic diet 
of rats and observed 23 and 20% reduction in 
triglycerides and cholesterol levels, respectively, and an 
increase of 37% in the HDL-cholesterol fraction (Kwon, et 
al., 2007). In contrast to the present, a recent study 
showed that FJP could enhance HDL-cholesterol in 
obese rats (Lenquiste et al., 2012). 

Like polyphenols, the fibers of jaboticaba may have 
also played the hypocholesterolemic role. The polyphenol 
and fiber-rich diets was mainly related to an up-regulation 
of CYP7A1 expression, suggesting an increase in the 
conversion of hepatic cholesterol to bile acid, resulting in 
a decrease in the plasma cholesterol levels (Kim et al., 
2010; Villanueva et al., 2011). The intake of these diets 
also indicate a decreased hepatic cholesterol synthesis 
by down-regulation of CYP 51, and higher fecal lipid 
excretion, corroborating the plasma cholesterol-lowering 
effect (Kim et al., 2010). 

Kalt et al. verified that pigs fed with rich fibers diet 
supplemented with 2% freeze-dried blueberries showed a 
reduction of 11.7% for total cholesterol and 15.1% for 
LDL-cholesterol (Kalt et al., 2008). In our study, the 
addition of 1% FJP was sufficient to reduce total 
cholesterol to 70%. In view of the increase in total 
cholesterol and LDL-cholesterol fractions in G2 and G3 
groups, we  may suppose that  2% FJP should represent  

 
 
 
 
an upper limit for dietary intake. Thus, even that other 
studies showed good results with the same doses 
(Dragano et al., 2013; Lenquiste et al., 2012), more 
investigations are necessary in order to elucidate the 
mechanisms that may cause undesirable effects. 

Aminotransferases (ALT and AST) are enzymes 
present in high levels in the muscle, liver and brain. 
Increased levels of ALT are therefore relatively specific to 
hepatobiliary disease, although the AST levels are likely 
to be higher increased in the diseases of other organs. 
Increases over 10 times above the upper limit of normal 
variation normally are considered hepatic or biliary 
pathologies (Motta, 2003). The slight increase of ALT in 
the present study is therefore irrelevant and not related to 
a possible liver damage, since the AST level remained 
unchanged. 
 
 
Conclusions 
 
Freeze-dried jaboticaba peel showed high amounts of 
fibers and polyphenols, as ellagic, gallic acid and 
anthocyanins. Significant reductions in the glucose levels 
were observed in rats fed diets containing 2% FJP. The 
rats fed 1% FJP also showed reduced levels of total 
triglycerides, cholesterol and LDL cholesterol.  Thus, in 
the same conditions of this study, we can conclude that 
FJP do not represent toxicity to the liver, since the ALT 
and AST activity was similar among the groups. In 
addition, the 2% FJP in diet is the upper limit dose in 
which we have observed functional role without any 
health undesirable effects. Further investigations about 
higher and lower doses of phenolic compounds in the 
human diet are needed. It is, therefore, very important to 
investigate the metabolism of such compounds in vivo 
and their effective dosages. 
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Bioactive compounds found in peanut skin (PS), pomegranate peels (PP) and olive pomace (OP) cake 
were extracted using ethanol (80%), ethyl acetate and hexane. The ethanol extract showed slightly better 
antioxidant characteristics than ethyl acetate and hexane extracts. Extracts showed varying degrees of 
antioxidant potential in different test systems in a dose-dependent manner. In general, it was observed 
that extracts with higher antioxidant capacity were in parallel to their higher phenolic contents. Total 
phenolic compounds (as gallic acid equivalent, GAE) ranged between 0.89 to 16.6, 1.83 to 261 and 1.56 
to 124 mg  GAE/g extract for OP, PS and PP, respectively. Ethanol extracts of different by-products were 
added to ghee at concentrations of 200, 400 and 600 ppm, respectively. BHA was also added to ghee at 
a concentration of 200 ppm. All samples were incubated at 63°C/21days. Ethanol extracts of PS, OP and 
PP gave good antioxidant activity during accelerated oxidative incubation of ghee. It could be 
concluded that ethanol extracts under study, at a concentration of 200 ppm, can retard fat auto-
oxidation. 
 
Key words: Ghee, agri industrial by-products, natural antioxidants, stability indices. 

 
 
INTRODUCTION 
 
Antioxidants (natural and synthetic) play a significant role 
in retarding lipid oxidation reactions in food products. The 
deterimental effects of excessive lipid oxidation such as 
formation of off-flavors and undesirable oxidized chemical 
compounds (aldehydes, ketones and organic acids etc) 
are well known (Saad et al., 2007). Synthetic antioxidants 
[for example, tertiary butylhydroquinone (TBHQ), 
butylated hydroxyanisole (BHA) and butylated 

hydroxytolune (BHT)] are widely used as food additives, 
but their application has been reassessed because of 
possible toxic or carcinogenic components formed during 
their degradation (Jo et al., 2006; Pitchaon et al., 2007). 
Consequently, the search for endogenous protective 
ingredients in foods has been intensified wherein their 
utilization requires only manipulation of food formulations. 
A number of natural antioxidants have been added during  
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food processing and have elongate the shelf life and 
oxidative stability of stored products (Chenn et al., 2008; 
Ebrahimabadi et al., 2010; Jang et al., 2012; Xiaowei et 
al., 2011). 

A huge amount of plant biomass wastes is produced 
yearly as by-products from the agro-food industries. 
These wastes are attractive sources of natural 
antioxidants. The high concentration of phenolic com-
pounds present in peels, skins and seeds supports the 
utilization of these residues as a source of natural 
antioxidants. Phenolic compounds exhibit a wide range of 
physiological properties such as anti-allergenic, anti-
arthergenic, anti-inflammatory, anti-microbial, antioxidant, 
anti-thermobotic, cardio protective and vasodilatory 
effects (Balasundram et al., 2006). Phenolics could be 
extracted by water or solvents and the extraction con-
ditions need to be optimized with respect to solvent 
polarity and physical conditions (Nepote et al., 2005). In 
addition, research has indicated that natural phenolic 
compounds can be extracted from raw materials or waste 
products of food industry (Peschel et al., 2006). 

Studies were conducted to investigate antioxidants 
properties of peanut, peanut kernels, peanut hulls and 
peanut-based products (Yu et al., 2005; Wang et al., 
2007). Peanut skins were demonstrated to be rich in 
phenolics and other health promoting compounds (Yu et 
al., 2005; Wang et al., 2007; Monagas et al., 2009). The 
olive oil industry generates large quantities of a 
deleterious by-product known as olive pomace. Olive 
pomace has broad spectrum toxicity against some 
microorganisms, plants, insects, animals and human cells 
(Obied, 2007; Aldini et al., 2006). Nevertheless, olive 
pomace has been considered as a potential source of 
natural antioxidants (Niaounakis and Halvadakis, 2004; 
Aldini et al., 2006). A wide range of phenolic compounds 
has been identified in virgin oil (Suarez et al., 2010) 
wherein only ca. 2% of the total phenols found in olive 
fruits are transferred to the extracted olive oil. The rest of 
phenolic compounds (98%) are retained in the olive 
waste cake. Pomegranate has been used extensively in 
the folk medicine of many cultures and its consumption 
has grown tremendously especially in the last decades 
(Li et al., 2006; Cam et al., 2009). The peels of some 
fruits have higher antioxidant activity than pulps (Guo et 
al., 2003; Fuhrman et al., 2005). Pomegranate is a good 
example for this type of fruits wherein their peels 
constitute approximately 40% of the whole fruit and are 
rich in ellagic acid derivatives (Cerda et al., 2003; 
Seeram et al., 2005). 

From an environmental and economic perspective, it is 
very important that plant by-products produced by agro-
food industry be used. Therefore, the objectives of this 
study were; (1) to evaluate different extracts from peanut 
skin (PS), pomegranate peels (PP) and olive waste cake 
(OP) as a source of natural antioxidants, (2) to charac-
terize the composition and content of phenolics in 
different extracts and (3) to evaluate the efficiency of using 
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agro food wastes ethanolic extracts in improving the 
quality, overall acceptance and oxidative stability of ghee 
during storage under thermal oxidative conditions. 
 
 
MATERIALS AND METHODS 
 

Plant biomass wastes, as a by-products of food industries, 
commonly found in Egypt, were used in this investigation. Olive 
(Olea europaeal L.) pomace (OP) was obtained from Food 
Technology Research Institute (Agricultural Research Center, Giza, 
Egypt). Peanut (Arachis hypogaea L.) skins (PS) were obtained 
from the 10

th
 of Ramadan City. Pomegranate (Punica granatum L.) 

fruits (PP), were obtained from local market (Zagazig, Egypt), 
washed with distilled water and manually peeled. Pomegranate 
peels (PP) were collected then rinsed with distilled water and 
considered as a by-product. The starting materials were dried in an 
air draft drying oven (40°C) until the moisture content became 12% 
or less. By-products were ground and sieved through 60 mesh 
sieve and finally cooled or kept at 4°C until the extractions were 
carried out. Butylated hydroxyl anisole (BHA), 1,1-diphenyl-2-

picrylhydrazyl (DPPH), gallic acid and quercin were purchased from 
Sigma (St. Louis, MO, USA). All other chemicals and reagents were 
of the highest purity available. 
 
 

Preparation of extracts 
 

Dried materials were extracted with different solvents, named 
ethanol (80%), ethyl acetate and hexane at a ratio of 10:1 (v/w, 10 
mL solvent: 1 g raw material) in closed vessels by stirring at room 
temperature (25°C) for 4 h followed by filtration through Whatmann 
no. 1 filter paper. The residues were re-extracted again under the 
same conditions.  

All vessels were wrapped with aluminum foil to prevent light 
degradation during extraction (Yu et al., 2005). N-Hexane and ethyl 
acetate extracts were evaporated in a rotary evaporator (Buchi-
water bath-B-480, Switzerland) below 40°C, while ethanol 80% 
extracts were freeze-dried (Thermo Electron Corporation-Heto 

Power Dry LL 300 Freeze Dryer, Gzechoslovak). The dried extracts 
after evaporation of solvents were weighed to determine the yield 
and stored at -20°C until used. 
 
 

Determination of total phenolic compounds (TPC) 
 
The concentration of TPC in different extracts was measured using 
UV spectrophotometer (Jenway-UV-VIS Spectrophotometer), based 

on a colorimetric oxidation/reduction reaction, as described by 
Škerget et al. (2005) using Folin-Ciocalteu reagent. Specifically, 0.5 
ml of diluted extract (10 mg in 10 ml solvent) was mixed with 2.5ml 
of Folin-Ciocalteu reagent (diluted 10 times with distilled water) and 
2 ml of Na2CO3 (75 mg/ml). The sample was incubated for 5 min at 
50°C then cooled. For a control sample, 0.5 ml of distilled water 
was used. The absorbance was measured at 760 nm. Total 
phenolic content expressed as gallic acid equivalent (GAE) was 
calculated, and the results were expressed as a mg GAE /g extract. 
 

 
Identification of phenolic acids using HPLC 
 

Phenolic acids of the dried extracts were identified according to the 
method described by Mattila et al. (2000). HPLC (Hewllet Packard 
series 1050, USA) equipped with auto sampling, injector, solvent 
degasser, UV detector set at 330 nm and quarter HP pump (series 

1050) was used. Column (C18 hypersil BDS) with particle size 5 m 
was used. The separation was carried out with methanol and 
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Table 1. Yield of extracts (g/100 g) for different plant wastes-by products of food processing. 
 

Plant waste  Hexane extract Ethylacetate extract Ethanol 80% extract 

Olive pomace 5.23 1.00 9.43 

Pomegranate peels 0.50 0.90 43.84 

Peanut skin 9.47 7.67 14.56 

 
 
 

Table 2. Total phenolic compounds (mg gallic acid /g extract) in different extracts. 

 

By-product 
Concentration (mg gallic acid/ g extract) 

Hexane Ethyl acetate Ethanol 80% 

Olive pomace (OP) 16.63 0.89 12.23 

Pomegranate peels (PP) 1.56 12.49 124.23 

Peanut skins (PS) 1.83 5.69 261.69 

 
 
 
acetonitrile as a mobile phase at a flow rate of 1mL/min. The 
column temperature was performed at room temperature (25°C) 
throughout the experiment. Identification and quantification were 
carried out based on calibrations of the standards prepared from 
phenolic acids dissolved in a mobile phase. Retention time and 
peak area were used for calculation of phenolic acid compounds by 
the data analysis of Hewllet Packared Software. 
 

 
Radical scavenging activity (RSA) of extracts 
 
The electron donation ability of the obtained extracts was measured 
by bleaching of the purple colored solution of DPPH according to 
the method of Hanato et al. (1988). 100 µL of each extracts (10 mg 
extract/10 ml solvent) was added to 3 ml of 0.1 mM DPPH 
dissolved in ethyl acetate, ethanol and hexane according to the 

solvent used for extraction. After an incubation period of 30, 60 and 
120 min at room temperature, the absorbance was determined 
against a control at 517nm (Gulcin et al., 2004). Percentage of 
antioxidant activity of DPPH was calculated as follows: 
 
Antioxidant activity (Inhibition) % = [(Acontrol - Asample)/Acontrol] × 100 
 
Where, Acontrol is the absorbance of the control reaction and Asample 
is the absorbance in the presence of the extract. BHA was used as 

a positive control. Samples were analyzed in triplicate. 
 
 
Stability of ghee enriched with ethanol 80% extract  

 
The butter, used for preparing ghee in the present study, was made 
from pasteurized and un-ripened buffaloes’ cream. The butter was 
converted into ghee by boiling according to the method described 

by Fahmi (1961). Ghee samples were divided into 11 portions as 
follows: Portion 1 was kept without additives as control throughout 
the experimental period and was considered to be as a negative 
control (C); Portion 2 was treated with 200 ppm BHA throughout the 
experimental period of three weeks and was considered to be as 
positive control (C1); portions 3, 4 and 5 were treated with 200, 400 
and 600 ppm of PS ethanolic extract, respectively, (T1, T2 and T3).  

Portions 6, 7 and 8 were treated with 200, 400 and 600 ppm of 
PP ethanolic extract, respectively, (T4, T5 and T6). Portions (9, 10 
and 11) were treated with 200, 400 and 600 ppm of OP ethanolic 
extract, respectively, (T7, T8 and T9).  

All  samples  were  incubated in an oven  at 63±1°C to accelerate  

the oxidation for 21 days. Samples were analyzed every three days 
for peroxide value (PV), acid value (AV), and 2-thiobarbituric acid 
(TBA) value. AV and PV were determined according to AOAC 
(1984). Determination of lipid oxidation was assessed in triplicates 
by the TBA method according to Fernandez-Lopez et al. (2005). 
 
 
Oxidation stability test of Ghee 

 
Determination of an oxidative stability of ghee by Rancimat 
equipment (USA, model 617), was based on volatile acids from 
oxidation reaction passed through DI water, in which conductivity 
values were detected. Heating block was held constant at 130°C. A 
rate of air flow through liquid butter oil (ghee) was 10 L/h. Prior to 
the testing, frozen samples of ghee were thawed at 40-50°C, and a 
3±0.002 g of ghee sample was taken for the analysis according to 

AOCS (1997). 

 
 
RESULTS AND DISCUSSION 
 
Characterization of phenolic compounds TPC in 
different extracts 
 

The yield of extracts with different solvents varied from 
0.1 to 42.5 g extract/100 g wastes (Table 1). PS, PP and 
OP had the highest yield when extracted with ethanol 
80% followed by hexane and ethyl acetate, respectively. 
Variation in the extraction yields of different extracts 
might be attributed to differences in polarity of 
compounds found in plants such differences have been 
reported (Jaya et al., 2001). 

The amount of TPC varied in the different extracts, 
ranging from 0.89 to 261 mg GAE/g extract (Table 2). In 
general, the results stated that ethanol 80% and ethyl 
acetate were better than hexane in extracting phenolics 
from PP and PS owing to their higher polarity and good 
solubility (Siddhuraju and Becker, 2003; Kequan and 
Liangli, 2004). On the other side, hexane extracted the 
highest amount of phenolics from OP followed by ethanol 
80% as shown in Table 2. 
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Figure 1. Levels of phenolic compounds in plant wastes-by products of processing food 

extract as determined by HPLC. 

 
 
 

Figure 1 shows the percentage of identified phenolic 
compounds in PS, PP and OP. There was a great 
variation among the components identified in each waste 
by-product. Phenolic compounds were identified in PS, 
namely pyrogallol, protocatechuic, catachin and ellagic 
acid, with amounts ranging from 0.07 to 10.64 mg/g. The 
main phenolics identified in OP were pyrogallol, ellagic 
acid, chlorogenic, protocatechuic with amount ranging 
from 0.01 to 0.46mg/g. The major phenolic compounds 
identified in PP were pyrogallol, ellagic acid, chlorogenic, 
protocatechuic with amount ranging from 0.05 to 12.64 
mg/g. Balasundran et al. (2006) stated that the 
antioxidant activity of phenolic compounds depends on 
the structure, in particular the number and positions of 
the hydroxyl groups of the nature of substitution on the 
aromatic rings. Moure et al. (2001) reported that the 
antioxidant compounds from residual sources could be 
used for increasing the stability of foods by preventing 
lipid peroxidation and also for protecting oxidative 
damage in living systems by scavenging oxygen radicals. 
It is well known that total antioxidant activity of waste 
extracts was line early proportional to the concentration 
of total phenolics (Meftahizade et al., 2011). 
 
  
RSA against DPPH• 
 
The results of RSA of various extracts are represented in 
Figure 2. The results clearly indicate that all extracts 
exhibited antioxidant activity. The extracts that contained 
a high amount of TPC (Table 2) showed high RSA. In 
general, ethanol 80% followed by hexane then ethyl 

acetate extracts showed RSA as strong as that of BHA 
(Figure 3A, B and C). It has been proven that the 
antioxidant activity of plant extracts is mainly ascribable 
to the concentration of phenolic compounds in the plant 
(Heim et al., 2002). The extracts RSA with different 
solvents varied from 91.4 to 5.50% after 120 min of 
incubation.  

The highest RSA was observed with PP ethanol 80%, 
hexane and ethyl acetate extracts with respective values 
of 80, 38 and 35%, respectively. Ethanol 80%, hexane 
and ethyl acetate extracts of PS had values of 85, 22 and 
19%, respectively. In addition, hexane, ethanol 80% and 
ethyl acetate extracts of OP had values of 24, 20 and 
18%, respectively.  

The results of the DPPH
•
 radical scavenging assay 

suggest that components involving the extracts are 
capable of scavenging free radicals via electron- or 
hydrogen-donating mechanisms and thus might be able 
to prevent the initiation of deleterious free radical 
mediated chain reactions in susceptible matrices. This 
further shows the capability of the extracts to scavenge 
different free radicals in different systems, indicating that 
they may be useful therapeutic agents for treating radical-
related pathological damage. The effect of antioxidants 
on DPPH radical-scavenging is thought to be due to their 
hydrogen-donating ability, DPPH

•
 is a stable free radical 

and accepts an electron or hydrogen radical to become a 
stable molecule (Gulcin et al., 2004). Free radicals 
involved in the process of lipid peroxidation are 
considered to play a major role in numerous chronic 
pathologies such as cancer and cardiovascular diseases 
(Dorman et al., 2003).  
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Figure 2. RSA of hexane (a), ethyl acetate (b) and ethanol 80% (c) wastes extracts 

in DPPH• radical scavenging activity system compared with BHA. 

 
 
 
Stability of enriched-ghee during storage under 
accelerated oxidative conditions 
 
 
Peroxide values 
 
Data illustrated in Figure 3 shows that the PV of control 
ghee samples increased during the accelerated 
incubation up to 21 days. The others samples enriched 

with BHA and natural antioxidants had the lower PV 
values than the control sample during storage under 
accelerated incubation at 63°C/21days. The results 
obtained in this work reflected the impact of these 
extracts, as natural antioxidants, in the retarding of ghee 
oxidation. These results are in agreement with those of 
Puravankara et al. (2000) and Pankaj et al. (2013). The 
order of efficiency in inhibiting oxidation was in the order 
PS, PP and finally OP extract. 
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Figure 3. Effect of ethanol extracts at different concentration on the  peroxide value of Ghee during storage.  

 
 
 

 
 
Figure 4. Effect of ethanol extracts at different concentration on the TBA of Ghee during storage.  

 
 
 
TBA  
 
It is well known that TBA values are taken as an index to 
evaluate the advance of oxidation changes occurred in oil 
and fats. The addition of extracts as natural antioxidants 
to ghee retarded the oxidative changes during accele-

rated storage (Figure 4). This means that the formation of 
malonaldehyde, which affect the formation of pink colour 
intensity from the reaction of TBA material with 
malonaldehyde, took place at a relatively lower rate in 
treated ghee samples. However, the control ghee 
samples showed higher TBA values throughout the
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Figure 5. Effect of ethanolic extracts at different concentrations on acid value of Ghee during storage.  

 
 
 
accelerated incubation period. These structural 
requirements were supported by the powerful antioxidant 
activity of the well-known BHA. Phenolic compounds act 
as hydrogen or electron donors to the reaction mixture 
and therefore the formation of hydro peroxides are 
decreased. The slow formation of conjugated dienes and 
consequently the secondary products by extracts and 
their major compounds indicated that these materials 
may act as hydrogen donors to proxy radicals, thus, 
retarding the autoxidation of linoleic acid by chain radical 
termination (Farag et al., 1989;  Özkanlı and Kaya, 2007; 
Mohdali, 2010). 
 
 

Acid value  
 
Data illustrated in Figure 5 shows that the AV remained 
without noticeable changes within the first six days of 
storage at 63°C for all treatments including the control. 
Slightly increases in AV were observed until 15 days of 
storage period, then considerable increase in AV were 
recorded till the end of storage period (21 days) for all 
samples including the control. Data presented in Figure 3 
show clearly that the AV of stored ghee was noticeably 
affected by enrichment with by-products ethanolic 
extracts. PS ethanol 80% extracts (200 ppm) showed the 
lowest increase in AV compared with other extracts and 
BHA at same ratio (200 ppm). These results are in 
agreement with those of Siddhuraju and Becker (2003). 
 
 

Rancimat  
 
The results of  induction period  are illustrated in Figure 6.  

Induction time was the highest (24.3 h) for ghee enriched 
with BHA, followed by ghee enriched with PS (18.4 h) 
and was the lowest for control (15.3 h). These results 
agree with those of Marian Kucera et al. (2011) and 
Suwarat and Tungjaroenchai (2013). As can be seen 
from Figure 6, the logarithm of TRanc shows linear 
dependence on exothermic temperature and can be 
described by the following equation: (Log TRanc = a . t + 
b), where: a and b are adjustable coefficients and T the 
temperature in degree celsuis (°C). The oil stability index 
OSI of ghee samples varied from 14.85±0.17 to 
24.80±0.34 h; the higher the temperature and longer 
period of time, the higher were values of OSI in hours 
(Figure 6). Although some papers reported that high 
temperat ure with prolong period of time affected high 
yield, color, oxidative stability tended to changed conti-
nuously. Degradation of oil was normally induced by 
moisture, high temperature, crust formation and various 
structural, textural and chemical changes in the product, 
and degradation of frying medium (Paul et al., 1997). The 
oxidative stability of oils can be ranked based on the rule 
"the longer the induction time the more stable is the oil". 
The relative resistances of the oils on their thermal 
oxidative degradation depend on temperature. 
 
  
Conclusion 
 
Peanut skin, pomegranate peels and olive pomace 
extracts were prepared using different solvents, and the 
in vitro antioxidant activity of each extract was 
investigated. In general, it was observed that extracts 
with higher antioxidant capacity were in parallel to their
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Figure 6. Rancimat of ghee treated with different plant wastes-by products of food 

processing extracts at 130°C. 

 
 
 
higher phenolic contents. It could be concluded that the 
obtained extracts using higher-polarity solvents were 
more effective radical scavengers than those obtained 
using lower-polarity solvents. Ethanol 80% showed 
slightly better characteristics than hexane and ethyl 
acetate as a solvent for phenolic compounds extraction. 
Thus, for use in the food industry, ethanol 80% would be 
a more appropriate solvent. Furthermore, it is notable that 
PS extracts exhibited a strong antioxidant capacity in all 
assays used, followed by PP and OP extracts. Overall, 
ethanol 80%, ethyl acetate and hexane extract showed 
relatively comparable activity to BHA. Therefore, these 
extracts could be used as preservative ingredients in the 
food and/or pharmaceutical industries. 
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Folic acid is known to reduce the incidence of neural tube defects, in animal experiments however, it 
has not been effective in reducing the congenital anomalies caused by antiepileptics and many other 
chemicals. Pesticides of organophosphate group such as chlorpyrifos are widely used in agriculture 
and household, and are shown to be teratogenic in animal studies. This study was designed to explore 
the effect of folic acid on chlorpyrifos induced teratogenicity. Pregnant mice were divided into groups of 
8 animals each, and were exposed to oral dose of chlorpyrifos and/or folic acid on gestation days (GD) 6 
and 7 or GD 1 to 15. Fetuses were recovered on 15

th
 day of gestation. On morphological and 

morphometeric examination it was found that chlorpyrifos is teratogenic to mice fetuses in an oral dose 
of 100 ug/gbw when given on GD 6 and 7. It was embryo toxic and caused growth retardation and 
morphological anomalies of skull, body curvature, skin, limbs, eyes and ears. Folic acid in a dose of 2 
ug/gbw, when given at the time of chlorpyrifos exposure (GD 6 and 7), lead to significant improvement 
in crown-rump (CR) length and weight of fetuses, reduction in the number of resorptions and frequency 
of anomalies. However the CR length and weight of fetuses given folic acid and chlorpyrifos were 
significantly less than the control. There was no additional benefit of giving folic acid in the same dose 
from GD1 to 15. Thus this study was aimed at confirming the teratogenic potential of cholorpyrifos in 
mice and assessing the role of folic acid in the prevention of teratogenesis induced by chlorpyrifos. 
 
Key words: Folic acid, organophosphates, teratogenesis, chlorpyrifos. 

 
 
INTRODUCTION 
 
Based on animal studies, interventional trials and 
epidemiological studies, maternal folic acid is known to 
be protective in neural tube defects (Blencowe et al., 
2010; Hamner et al., 2009). Consumption of folic acid by 
women of childbearing age is an important public health 
goal in US

 
(Tinker et al., 2010). Role of folic acid in the 

prevention of other congenital anomalies is still contro-
versial. Folic acid has shown to reduce the incidence of 
teratogenesis induced by ethanol, arsenic, retinoic acid, 
valproic acid and ochratoxin A, in animal experiments, 
but has failed to decrease the congenital anomalies 
caused by antiepileptics and many other chemicals
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Table 1. Dose schedule of chlorpyrifos and folic acid. 
 

Group Chemical given Dose (ug/gbw) Time of administration 

Group A (Experimental Group) Chlorpyrifos 100  GD 6 and 7 

Group B (Experimental Group) Chlorpyrifos and folic acid 100 and  2  GD 6 and 7, GD 6 and 7 

Group C (Experimental Group) Chlorpyrifos and folic acid 100 and 2  GD 6 and 7, GD 1 to 15 

Group D (Folic acid control) Folic acid 2  GD 1 to 15 

Group E (Plain Control) Food and Water ad libitum -- 

 
 
 
 (Yanaguita et al., 2008; Katagiri et al., 2007). Pesticides 
of organophosphate group are widely used in agriculture 
and household. Human population, including the 
pregnant women is exposed to its harmful effects 
(Eskenazi et al., 2004). Organophosphates, such as 
chlorpyrifos have been shown to be highly teratogenic in 
animal studies

 
(Tian et al., 2005; Chanda  et al., 1995; 

Ahmad and Asmatullah, 2007). The present study was 
designed to explore, whether folic acid has any protective 
role in teratogenesis induced by  
chlorpyrifos. 
 
   
MATERIALS AND METHODS 

 
The present research was conducted on Swiss Webster strain of 
albino mice Mus musculus. Animals were reared in the animal 
house of the Department of Zoology, University of the Punjab, 
Lahore. They were kept under optimum conditions and fed 
commercially prepared chick feed No.3 and water ad libitum. Stage 
of estrous cycle was determined. The females found to be in late 
pro-estrous and estrous were kept over- night with males in 
separate cage in 2:1 female to male ratio. Presence of vaginal plug 

in the morning or sperms in vaginal smear confirmed successful 
mating and that day was taken as day one of pregnancy. 

Pregnant female mice were separated from males and divided 
into various groups of eight animals each. They were labeled and 
given oral doses of Chlorpyrifos and/or Folic acid with the help of a 
plastic syringe, according to the schedule in Table 1. Pregnant 
female mice were sacrificed on the 15th day of gestation, under 
ether anesthesia. The two horns of gravid uteri were dissected out. 

Implantation sites were carefully observed and resorptions noted. 
Number of live fetuses in each horn of uterus was noted. The uteri 
were cut open and the fetuses were carefully recovered. These 
fetuses were then put in Bouin’s fixative for 48 h, and washed in 
70% alcohol to remove the fixative. The separated fetuses were 
preserved in 80% alcohol.  

Morphometeric and morphological study of 50 fetuses per group 
was done. Crown-rump length of fetuses was measured with a 
millimeter scale and the weight was determined in milligrams on an 

electric balance. Detailed morphological study was carried out 
under dissecting microscope using a magnification of 10 x. Head, 
ear, eye, trunk, tail and skin characteristics were carefully examined 
and compared in different experimental and control groups. 
Anteroposterior and transverse diameter of skull and length of tail 
was taken with a digital vernier caliper. The head circumference 
was calculated from skull dimensions. Head circumference to CR 
length ratio and tail length to CR length ratio was calculated and 
compared. Any abnormality noticed in morphological examination, 

was recorded. Selected fetuses were photographed with a digital 
camera. 

RESULTS 
 

Control groups 
 

Group E (plain control) 
 

The fetuses of control group E had a semi curved body 
which was distinctly divisible into head, trunk and tail 
regions. Skull had acquired a rounded smooth contour 
and suture lines were faintly visible under the dissecting 
microscope. Eyes were well formed showing an elliptical 
aperture and bulging rounded lens in the middle. Upper 
and lower eyelids had also reached a considerable state 
of development but still were unable to completely close 
the eyes.  

External ears were also advanced in development. An 
external auditory meatus could be clearly seen almost 
completely hidden by a large well developed pinna. The 
snout had also taken its typical protruding shape, with 
two nostrils located quite close to each other at its 
anterior tip.  

Upper and lower lips were also clearly defined. Multiple 
rows of vibrissae were visible at the sides of the two 
nostrils. Trunk part of the fetus was divisible into a 
relatively flat thorax and a protuberant abdomen. The 
outline of the liver could be made out easily. Tail was 
quite long and reached till the snout area. It showed the 
typical curve towards the cranium which is quite peculiar 
to this stage of development (Figure 1). 
 
 

Group D (folic acid control) 
 

The control fetuses of group D (given only folic acid on 
GD 6 and 7) were similar to group E control fetuses in 
morphological appearance. The morphometric results are 
shown in Tables 2 and 3.  
 
 
Experimental groups 
 

Group A (given 100 ug/gbw chlorpyrifos on GD 6 and 
7) 
 

The general morphological appearance of fetuses of this 
group varied considerably. The small fetuses appeared to  
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Figure 1. Photograph of lateral and anterior view of 

fetus of control Group showing normal development of 
skull, eye, pinna, snout, upper limb, lower limb, trunk 
and tail. 

 
 
 
Table 2. Quantitative data of morphological features of fetuses of various groups. 

 

Group 
Number of 

fetuses  
recovered 

Number of 
resorbtions 

Variation in 
litter size 

Mean CR 
length( mm) 

Mean Wt. 
in mg 

Mean head 
circum (mm) 

Head circ.: CR 
length (mm) 

Group A 30 
All fetuses resorbed 

in two mice 
2 to 9 8.84 133.47 13.88 1.57:1 

Group B 47 15 3 to 10 11.22 247.51 16.17 1.45:1 

Group C 42 17 6 to 8 11.32 249.4 16.01 1.42:1 

Group D 66 1 8 to 10 13.63 377.10 19.60 1.44:1 

Group E 61 0 8 to 12 14.32 399.68 20.26 1.42:1 

 
 
 
Table 3. Morphological features of fetuses of various groups. 
 

Group Skull 
Wide 

Fontanellae 
(%) 

Hges. 
(%) 

Disturb 
body axis 

(%) 

Eyes 
absent 

(%) 

Rounded 
eyes (%) 

Small 
eyelids 

(%) 

Small 
pinna 
(%) 

Low set 
ears (%) 

Group A Small 43.3 16.6  3.3  30  66.6  56.6  80  33.3  

Group B Small in all 23.4  17  8.5  2.1  59.5  23.4  68.1  4.2  

Group C Small in 50% 28.5  2.3  2.3  0  26.2  19  40  7.8  

Group D Round smooth 0  Nil Nil Nil Nil nil nil Nil 

Group E Round smooth  0  Nil Nil Nil Nil Nil Nil Nil 

 
 
 
be a curved mass of tissue in which head and tail ends 
could be made out with difficulty. Lower half of the body 
was almost as thick as the cranial end and tail was not 
distinguishable from the rest of the body (Figure 2). There 
were absolutely no impressions in the head area 
indicative of ear and eye differentiation. Limb buds had 
just started forming. These buds were very small and not 
discernable into parts. In one fetus only one upper limb 
bud had formed. Various levels of developmental arrest 

and malformations were observed in fetuses of this 
group. Body axis was abnormal in 4 fetuses, showing 
scoliosis, a twist in the spine or increased curvature 
(Figure 3). 

Tail was very variable in size and appearance. Mean 
length of the tail was 4.79 mm. It was so long in few 
fetuses that it was extending beyond the snout. In few 
fetuses it was twisted (Figure 4a). In small fetuses the tail 
appeared almost as thick as the rest  of  the  body. 16.6%
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Figure 2. Photographs of group A fetuses (given 100 ug/gbw chlorpyrifos on GD 6 and 7) with different sizes and 

developmental status. e, Eye; s, snout; p, pinna; u, upper limb; l, lower limb. 

 
 
 

 
  
 

 
 

 
 

Figure 3. Photograph of fetuses with abnormal body axis. Note scoliosis. 

 
 
 
fetuses showed hemorrhagic spots in skin at different 
regions (Figure 4b). Tail: CR length ratio was 0.54:1 in 
group A fetuses, which was not significantly different from 
control. Skull of almost all fetuses was found to be small 
and in 43.3% fetuses, fontanellae were wide. The contour 
of the skull was not round and smooth as in control. Two 
fetuses showed high degree of convexity in the cervical 
region whereas another two showed a raised skull in 
parietal region. (Figures 4 to 5). 

In 20 fetuses, eyes were round indicating immaturity in 
the stage of development. In 17 fetuses eyes were very 
small in size in comparison to control, whereas there 
were faint impressions in the region of eyes showing the 
initiation of formation of eyes in five fetuses. In another 
four fetuses, eyes were not formed at all. In 80% fetuses, 
pinna was formed but was quite small as compared to 
control fetuses. In three fetuses there was just a faint pit 
indicating the ear region and no indication of pinna 
formation. In 33.3% fetuses, pinna was located at a lower 
level in comparison to control (Figures 4 to 6). 

Group B (given chlorpyrifos and folic acid on GD 6 
and 7) 
 
In most of the fetuses, eyes were normal in position. In 
23.4% fetuses eyes were small. In one of the fetus, right 
eye was smaller than the left. In another fetus eyes were 
not visible at all. In 59.5% fetuses the shape of the eyes 
was round indicating immaturity in development. Pinna 
was quite well formed in 31.9% fetuses however in 20 
fetuses it was smaller in size in comparison to control. In 
one fetus the size of pinna was different on two sides, the 
left one being smaller. The location of the pinna was 
normal in majority of the fetuses of this group (Figure 7). 
 
 
Group C (given chlorpyrifos on GD 6 and 7 and folic 
acid on GD 1 to 15) 
 
The skull showed protuberance in parietal region in two 
fetuses, whereas another one showed a bulge in occipital  
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Figure 4. (a). Group A fetuses  Left- with f. prominent fontanella and  t. twisted tail, Right- 
with f. prominent fontanella and bulge in the parietal area of the skull (arrow); t, tail 
extending straight upto snout. (b). Lt. Deformed group A fetus with h. hemorrhagic spots. 

Rt, Control fetus. 
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Figure 5. Photographs of deformed fetuses. (I) Parietal bulge (black arrow), 
cervical bulge (red arrow).  (II) l, Paddle shaped limb buds; b, occipital and cervical 
bulges; p, small pinna and o, omphalocoele. (III) p, small pinna; l, straight limb 

bud; o, omphalocoele. 

 
 
 

 
 

  
 
 

 
 

Figure 6. Photograph of affected fetuses. (I) The small size of pinna, faint impressions of closed eyes, 
variation in tail, limb buds and body curvature. (II) Photograph of affected fetuses of group A. Note the 

level of pinna, variation in length of tail and paddle shaped limb buds. Boxed fetus shows amelia of the 
upper limb. 

 
 
 
region. In most of the fetuses, eyes were normal in 
position, but the shape and size revealed variation. The 
eyes were round in 11 out of 42 fetuses whereas the size 

was quite small in comparison to control in 8 out of 42 
fetuses. Pinna formation was apparently normal in most 
of the fetuses. It was quite small in comparison to control  
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Figure 7. Photographs of malformed fetuses of group B (given 100 ug/gbw 

chlorpyrifos and 2 ug/gbw folic acid on GD 6 and7) showing: (I) er, ear pit;  l, 
malrotated limb buds; (II) p, very small pinna; l, Paddle shaped limb buds; e, 
rounded eyes; d, deficient skull bones; t, long tail uh. umbilical hernia; h, thin 
skin with hemorrhages. 

 
 
  

 
 

Control 

 
 
Figure 8. Photograph of a litter recovered from group C mouse (given 100 ug/gbw chlorpyrifos on GD 6 

and 7 and 2 ug/gbw folic acid on GD 1-15). The fetus on extreme right is from the control group. Note the 

difference in size and level of development.   

 
 
 

 

I II 

 
 
Figure 9. Photographs of group C fetuses (given 100 ug/gbw 
chlorpyrifos on GD 6 and 7 and 2 ug/gbw folic acid on GD 1-15). I. 
Increased curvature and absent elbow bend. II. Increased 
curvature and long tail extending beyond snout.   

 
 
 
in 13 out of 42 fetuses. In three fetuses pinna was 
located at a lower level. (Figures 8 to 9). 

Histograms  showing   the   comparison   of   mean  CR 

length, mean weight of fetus and mean head 
circumference to CR length ratio are shown in Figures 10 
to 12. 
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Figure 10. Histogram showing comparison of mean CR length. 

 
 
 

Table 4. Statistical analysis of data for variations in skin features and body axis of fetuses.  

 

Group 
Skin  Body Axis 

Normal Hge Wrinkles others total  Normal Distorted Total 

A 24 5 1 0 30  26 4 30 

B 38 8 0 1 47  43 4 47 

C 41 1 0 0 42  41 1 42 

D 46 4 0 0 50  50 0 50 

E 50 0 0 0 50  50 0 50 

Total 199 18 1 1 219  209 9 218 
 

Chi-square likelihood ratio 24.679 and 14.622, P-value 0.006. 

 
 
 
Statistical analysis 
 
Morphometeric parameters 
 
ANOVA test revealed significant difference between 
experimental and control groups. For comparison 
between different groups the data was further subjected 
to Bonferroni analysis. Group A fetuses, (given 
chlorpyrifos on GD 6 and 7) when compared with other 
experimental and control groups revealed significant 
difference (p-value <0.001). The difference between the 
values from fetuses of group B (given chlorpyrifos and 
Folic acid on GD 6 and 7) and C (given chlorpyrifos on 
GD 6 and 7 and Folic acid on GD 1 to 15) was not 
significantly statistically. (P-value of 1.0). Fetuses of 
groups B and C however were significantly different from 
those of control groups (D and E), with p-value <0.001. 
The fetuses of two control groups (D and E) were quite 
similar with insignificant statistical difference. Tukey test 
revealed that fetuses of group A were affected the most. 

The difference between control group (E) and 
experimental groups (A, B and C) was statistically 
significant in following parameters (Tables 4 to 7): 1. CR 
length, weight, head circumference, tail length, size and 

shape of eyes; 2) The difference in head circumference: 
CR length ratio was statistically significant only between 
group A and all other groups including control; 3) As 
regards skin hemorrhages, body axis and presence of 
protuberance in different regions of skull, the occurrence 
of these abnormalities was statistically significant in 
fetuses of group A and B, and 4) A statistically significant 
difference of group A and C fetuses from control was 
noted in location of eyes and ears at lower level and a 
small size of pinna. 
 
 
DISCUSSION 
 
It has become quite clear from this study, that 
chlorpyrifos is teratogenic to mice fetuses in a single oral 
dose of 100 ug/gbw when given on 6

th
 and 7

th
 day of 

gestation. On giving chlorpyrifos, there was decrease in 
the litter size and increase in the number of resorptions 
and malformations. The CR length and weight of 
chlorpyrifos treated fetuses was significantly reduced in 
comparison to control.  

When 2 ug/gbw dose of folic acid is given at exposure 
to chlorpyrifos, it leads to reduction in the number of 
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Table 5.  Statistical analysis of data for variations in fontanellae and skull bulge in fetuses.  
 

Group 

Fontanella  Skull Bulge 

Approx 
(normal) 

Open 
(Prominent) 

Wide 

(v.prominent) 

No 
comments 

 
parietal 
region 

cervical 
region 

occipital 
region 

A 17 5 7 1  2 2 0 

B 29 11 6 1  10 0 0 

C 27 12 3 0  2 0 1 

D 50 0 0 0  0 0 0 

E 50 0 0 0  0 0 0 

Total 172 28 16 2  14 2 1 
 

Chi-square likelihood ratio 72.282 and 35.851, P-value<0.001. 

 
 
 
Table 6.  Statistical analysis of data for variations in position, size and shape of eyes of fetuses.  

 

Group 

Position of eyes  Size of eyes  Shape of eyes 

normal lower 
No 

comments 
 

Normal small Very small 
Not 

formed 
 

elliptical Round No comments 

A 20 6 4  0 9 17 4  0 20 10 

B 46 0 1  34 11 1 1  18 28 1 

C 38 4 0  34 6 2 0  31 11 0 

D 50 0 0  50 0 0 0  50 0 0 

E 50 0 0  50 0 0 0  50 0 0 

total 204 10 5  168 26 20 5  149 59 11 
 

Chi-square likelihood ratio 40.585, 156.517 and 176.811, P-value <0.001. 
 
 
 

Table 7. Statistical analysis of data for variations in size and position of pinna of fetuses.  

 

Group 

Size of pinna  Position of pinna 

Very well 
formed 

Well 
formed 

small 
Very 
small 

Not 
formed 

Different on two 
sides 

 
normal low 

No 
comments 

A 0 1 2 24 3 0  17 10 3 

B 15 10 20 0 1 1  45 1 1 

C 17 12 11 2 0 0  39 3 0 

D 50 0 0 0 0 0  50 0 0 

E 50 0 0 0 0 0  50 0 0 

total 132 23 33 26 4 1  201 14 4 
 

Chi-square likelihood Ratio =255.401 and 47.301, P-value < 0.001. 
 
 
 
resorptions and frequency of anomalies. There was also 
significant improvement in CR length and weight of 
fetuses on giving folic acid along with chlorpyrifos on GD 
6 and 7. However the CR length and weight of fetuses 
given folic acid and chlorpyrifos were significantly less 
than the control. When folic acid was continued for longer 
period, from GD 1 to 15 in the same dose, there was no 
additional benefit.   

Tian et al. (2005) evaluated the potential teratogenicity 
and developmental toxicity of chlorpyrifos in mice. A 

single intraperitoneal injection of 80 mg/kg on GD10 
resulted in significant reduction in number of live fetuses 
and increase in resorptions, as compared to control 
fetuses. They also observed, external and skeletal 
malformations and cleft palate with this dose of 
chlorpyrifos, however there was no indication of maternal 
toxicity. Chanda et al. (1999) and Ahmad and Asmatullah 
(2007) have also reported chlorpyrifos to be teratogenic 
to mice embryos. The results of present study are quite 
similar to these studies. In  the  present study a high dose  



 
 
 
 
of chlorpyrifos, proved to be embryotoxic and teratogenic 
in mice when given during the period of organogenesis. 
The number of resorptions was significantly increased 
(19 resorptions) as compared to control (1 resorption). 
External malformations of eyes and ears were noticed.  

A dose of 100 ug/gbw on GD 6 and 7 did not produce 
any overt toxicity in mothers in the present study. Two 
mothers showed transient hyper salivation and 
restlessness after the second dose, which was 
completely reversible. Ahmad and Asmatullah (2007) 
calculated the LD 50 of chlorpyrifos in the range of 144 
ug/gbw. A dose lower than LD50, was given to mothers in 
the present study. This may be the reason why no 
significant toxic effects were observed in mothers. 

Calvert et al. (2007) reported the birth of three infants 
with congenital anomalies, in Collier County, Florida. 
They were born within 8 weeks of one another and their 
mothers worked for the same tomato grower. All three 
mothers worked during the period of organogenesis in 
fields recently treated with several pesticides. Although it 
was difficult to pin point which particular pesticide was 
responsible, but this incident definitely highlights the need 
to reduce the pesticide exposure to the pregnant 
population. There is also a further need for epide-
miological studies to examine the role of pesticide 
exposure in the etiology of birth defects. At the same time 
the use of nutrients which may reduce the incidence of 
congenital anomalies must be encouraged. Folic acid is 
one of such nutrients.  

Role of folic acid in the prevention of neural tube 
defects is a well established fact and is backed by many 
experimental and epidemiological studies. Folic acid has 
been shown to reduce the incidence of neural tube 
defects caused by valproic acid (Dawson et al., 2006; 
Padmanabhan and Shafiullah, 2003) retinoic acid 
(Reynolds et al., 2003; Firat et al., 2005), ochratoxin A 
(Katagiri et al. 2007), Fumonisin B1 (Sadler et al., 2002), 
ethanol

 
(Yanaguita et al., 2008), arsenic

 
(Gefrides et al., 

2002) and hyperthermia (Shin and Shiota, 1999; Li et al., 
2003). Its role in the prevention of other congenital 
defects has not yet been fully explored. Since chlorpyrifos 
has been found to be teratogenic to many organs and 
systems. Thus, the role of folic acid in the prevention of 
chlorpyrifos induced teratogenicity becomes quite 
important. 

In the present study, oral dose of 2 ug/gbw folic acid 
was given with an intention to reverse or decrease the 
teratogenic effects of chlorpyrifos. When given on GD 6 
and 7, folic acid was able to decrease the frequency of 
congenital malformations induced by chlorpyrifos. When 
once daily dose of folic acid was continued over a period 
of 15 days, there was no further reduction in the 
frequency and severity of birth defects. Moreover it is 
interesting to note that in the present study there are 
indications that folic acid therapy from GD1 till the 
exposure to chlorpyrifos on GD 6 and 7, was unable to 
prevent  the teratogenic  damage. Once  the damage was  
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done, further doses of folic acid were unable to reverse 
the damage.  

In an attempt to observe the effects of ethanol and folic 
acid deficiency on outcome, the pregnant mice with 
different folate status when exposed to different doses of 
ethanol from 7 to 9th GD. The animals were sacrificed on 
18th GD. The results of this experiment revealed that in 
animals receiving a commercial diet, a high dose of 
ethanol was deleterious to pregnancy, including 
congenital anomalies, intrauterine growth restriction, 
reduction of the placenta and increased late fetal deaths 
and resorptions, events that did not occur with the low 
dose of ethanol. However, with a folate free diet, a low 
ethanol dose was as deleterious as a high dose. 

Yanaguita et al. (2008) concluded that supplementation 
with the recommended dose of folic acid (2 mg/kg), was 
not effective in preventing the deleterious teratogenic 
effects induced by ethanol, indicating the need for an 
increased dose. Firat et al. (2005) in their experiment on 
rats, administered Retinoic acid in different doses, orally 
on GD8. Folic acid of 4.0 mg/kg was injected intra-
peritoneally on 7th to 9th GD. Folic acid administration 
prevented the decrease in mean fetal weight and height 
of the embryos treated with 40 mg/kg retinoic acid. In 
addition there was a marked decrease in the number of 
degenerated chondrocytes and an improvement in the 
structure of granular endoplasmic reticulum along with 
intact nuclei.  

Folic acid of 4.0 mg/kg used in this study was reported 
to be in the therapeutic range since there was no 
pathological alteration neither in body weight and height 
nor in histological appearance of Meckel’s cartilage of the 
embryos born to mothers treated with Folic acid alone 
(Firat et al., 2005). We have seen that even 2 ug/gbw 
(equal to 2 mg/kg) folic acid has been effective in 
improving the fetal weight and height of chlorpyrifos 
treated fetuses. In the present study, a dose of 2 mg/kg 
folic acid did not produce any toxic effects neither in 
mothers nor in fetuses. This dose was also not 
teratogenic to the fetus. The CR length and weight of 
fetuses given folic acid was more than the mean values 
of control fetuses but the difference was statistically 
insignificant. Thus there was no harmful effect of giving 
folic acid throughout pregnancy, on the fetal 
development. It should be noted that the handling of 
mothers for giving the daily doses of folic acid did not 
adversely affect the fetal development either or folic acid 
therapy was able to counteract the effect of stress of 
experimentation. 

It has been confirmed at multiple levels that folic acid 
consumption decreases the incidence of neonatal deaths 
mainly by decreasing neural tube defects (NTDs) 
(Blencowe et al., 2010; Hamner et al., 2009). In countries 
like US, in order to prevent NTDs, folic acid fortified food 
items are made available to general population and there 
are various public awareness programs emphasizing the 
usefulness of  folic acid  consumptionn in women of child- 
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bearing age. In spite of all the efforts, it was found out in 
a study conducted in Atlanta from 2003 to 2006, that only 
24% of non-pregnant U.S women of childbearing age 
consumed the recommended dose of folic acid (Tinker et 
al., 2010). 

Pakistan is an agricultural community where 
organophosphate pesticides are widely used. People are 
generally indifferent to instructions due to illiteracy and 
pregnant population is exposed to harmful effects of 
chemicals including pesticides. Lassi and Butta (2012) 
have recently discussed the possibility of adding folic acid 
to oral contraceptives in this country. An evaluation of 
present health strategies needs to be done and 
measures must be employed to make women aware of 
importance of avoiding exposure to pesticides and 
promote the use of folic acid. 
 
 
Conclusion  
 
Chlorpyrifos is teratogenic to mice fetuses when given on 
GD 6 and 7 of gestation. Administration of folic acid on 
GD 6 and 7 does ameliorate the adverse effects of this 
pesticide to a considerable extent however, 
administration of folic acid for a longer duration does not 
appear to have an additional benefit in alleviating the 
adverse effects of chlorpyrifos. It is further concluded that 
folic acid administration to pregnant mice in a dose of 

2g/gbw from gestational day 1 to 15 does not have any 
toxic or teratogenic effect. 
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Physiological response of Nile tilapia to diets with both sunflower (SFSC) and cotton seed cakes (CSC) 
at increasing proportions (10%CSC25%SFSC; 15%CSC20%SFSC; 20%CSC15%SFSC; 25%CSC10%SFSC 
and a control that was a commercial tilapia diet) was investigated in two trials using diets containing 
25% crude protein. Trial 1 run for 120 days in 15 happas of 1 m

3
 stocked with 35 fish of 5.72 g. Each 

treatment had three replicates. Fish were fed 4% of their body weight per day. The number and length of 
intestinal folds was investigated. Trial 2 was run for 60 days in 24 tanks with 60 L of water and 30 fish of 
3 g. Each treatment had six replicates fed to apparent satiation. Nutrient digestibility and body 
composition were determined. The test diets did not negatively affect the number and length of 
intestinal folds as they were similar to the control. The diets with 10%CSC25%SFSC and 
20%CSC15%SFSC had the most efficiently digested protein, and highest protein deposition implying 
that the dietary protein was effectively used. The formulations with 10%CSC25%SFSC and 
20%CSC15%SFSC could be used for making Nile tilapia diets.  
 
Key words: Plant protein, intestine histology, digestibility, nutrient retention, feed. 

 
 
INTRODUCTION 
 
Nile tilapia is a species that is popularly farmed in the 
tropics because it grows fast, feeds on a wide range of 
foodstuffs and tolerates stress (El-Sayed, 1999; 
Mahmoud, 2009). Plant protein sources are increasingly 
being used in diet of Nile tilapia because they are 

relatively cheaper than conventional protein sources like 
fish meal and soya beans (Garcia-Abiado et al., 2004; 
Agbo et al., 2011; Munguti et al., 2012). Sunflower and 
cotton seed cakes (SFSC and CSC respectively) are 
among the plant protein sources that have been 
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demonstrated to enhance the performance of Nile tilapia 
(Jauncey, 1998; Tacon et al., 2009; Mbahinzireki et al., 
2001; Olvera-Novoa et al., 2002; Rinchard et al., 2002). 
Although Nile tilapia is adapted to feeding on plant 
protein (Jauncey, 1998), the inclusion levels are 
restricted because CSC and SFSC contain high fiber 
content of 18-23% which could decrease palatability, food 
intake and nutrient digestibility thereby reducing growth 
(El-Sayed, 1999; Olvera-Novoa et al., 2002; Silvia et al., 
2010). Moreover, fiber does not have any nutritional 
value in fish (Maina et al., 2002). Cotton also contains 
400 to 800 mg/kg of an anti-nutritional factor called 
gossypol (Gatlin et al., 2007) which can impair fish 
growth (Luo et al., 2006; Meric et al., 2011; Renuka et al., 
2005). Renuka et al. (2005) noted that cotton seed 
contains more gossypol (0.08%) compared to the leaf 
(0.05%), pod (0.04%), stem (0.03%) and root (0.02%). 
Tilapia can tolerate up to 0.18% free gossypol without 
adverse effects on growth (Robinson and Li, 1995; Evans 
et al., 2010). Sunflower contains low quantities of anti-
nutritional factors namely: protease inhibitors, saponins, 
arginase inhibitor (Francis et al., 2001; Silvia et al., 2010). 
Heat treatment can however reduce the effects of the 
anti-nutritional factors (Olvera-Novoa et al., 1998; Evans 
et al., 2005) thereby making it possible to increase the 
quantities of CSC and SFSC that could be used in tilapia 
diets (Jauncey, 1998). Teichert-Coddington et al. (1997) 
noted that incorporation of up to 15% CSC in tilapia diets 
causes no gossypol toxicity while Jauncey (1998) and 
Hecht (2007) recommend a maximum inclusion of 30%. 
On the contrary, Agabo et al. (2011) observed that CSM 
could substitute upto 50% of fish meal protein in the diet 
of Nile tilapia without negative effects on growth and feed 
utilization. For SFSC, Olvera-Novoa et al. (2002) 
recommends the use of up to 20% sunflower in the diet of 
Tilapia rendalli. Jauncey (1998) recommends an inclusion 
level of SFSC of up to 25% for Nile tilapia while Maina et 
al. (2002) reports that it should not exceed 30% of the 
total crude protein. But the supply and price of cotton and 
sunflower fluctuates especially in developing countries 
thus the need to combine SFSC and CSC in the same 
diet to complement one another. However, there is 
scanty information on the physiological effects of diets 
containing both SFSC and CSC incorporated at different 
quantities. This information is vital in order to produce 
feed that does not cause adverse effects on Nile tilapia. 
Most studies conducted have evaluated CSC and SFSC 
independently. For instance, Garcia-Abiado et al. (2004) 
determined effect of diets with 0, 25, 50, 75 and 100% 
CSM as fish meal replacement and noted similar growth 
between fish fed on 0%CSM and 25-50% CSM and a 
decline in growth with 75-100% CSM. However, signi-
ficant pathological effects on blood plasma were 
observed with diets formulated with 25-100% CSM. 
Although El-Saidy and Gaber (2003) substituted fish meal 
with 75 and 100% of a plant protein mixture (PPM) comp- 

 
 
 
 
posed of 25% soya bean, 25% cotton seed meal, 25% 
sunflower meal, and 25% linseed and noted good growth 
performance, the physiological effect of CSM and SFSC 
in the diet was not evaluated. Soltan and El-Bab (2008) 
also investigated effect of replacing fish meal with a PPM 
comprising 20% cotton seed, 20% sunflower, 20% 
canola, 20% seasmae, and 20% linseed meal. At 15-45% 
substitution of fish meal, the growth was similar to the 
control that contained only fish meal but all the fish fed on 
PPM had significant adverse pathological effects on the 
blood. The pathological defects intensified with increasing 
dietary levels of PPM whereas Aanyu et al. (2012) 
investigated the performance of Nile tilapia fed on diets 
with increasing quantities of SFSC and CSC and 
observed the highest absolute growth with 15% SFSC 
and 20% CSC, the physiological effect of the diets were 
not investigated. Physiological effect of diets such as 
histological response of the digestive system, nutrient 
digestibility and retention are some of the vital aspects for 
guiding feed manufacturers to manipulate feed formulae 
to improve the quality of feed.  

The histology of the gastro-intestinal tract is influenced 
by the type of feed eaten by the fish (El-Bakary and El-
Gammal, 2010; Delashoub et al., 2010). The intestine 
plays a vital role in absorbing nutrients that are used for 
growth (Rodrigues et al., 2009). Harmful effects on the 
intestinal anatomy can decrease its efficiency in nutrient 
absorption and fish growth (Mahmoud, 2009; Delashoub 
et al., 2010; Rašković et al., 2011). Hence, histological 
changes in the intestine can give insights on the 
performance of the fish when fed on a specific diet (Hu et 
al., 2007; Rašković et al., 2011). Besides, apparent 
digestibility coefficient measurements indicate the extent 
to which the nutrients in a diet are digested and made 
bio-available for the fish (Koprucu and Ozdemir, 2005; 
Jimoh et al., 2010). When feed with a good nutritional 
composition cannot be efficiently digested then fish 
performance is likely to be poor (Deganp and Yehuda, 
1999; Cook et al., 2000). Knowledge of the body 
composition of the fish as influenced by the type of diet 
eaten is also vital (Maina et al., 2003; Rust, 2003). 
Digested nutrients are first used for maintenance of body 
systems and the balances are deposited in the body 
(Jobling, 1994). Excess protein is used for growth while 
excess fat leads to fatty fish. Moreover, fatty fish are not 
preferred by consumers (Jauncey, 1998). The objective 
of this study was therefore to determine the effect of diets 
with both cotton and sunflower on the histology of the 
fore intestine, nutrient digestion, and retention by Nile 
tilapia. This information will guide feed producers as they 
manipulate feed formulae to improve feed quality. 
 
 

MATERIALS AND METHODS 

 
An experiment comprising two feeding trials was conducted to 
investigate the effect of diets with cotton and sunflower seed cakes
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Table 1. Proximate composition of feed ingredients used for formulating the test diets for trial 1 and 2.  
 

Trial 1 Ingredient Dry matter Crude protein Crude lipid Crude fibre Ash 

Cotton seed cake  91.88 33.26 6.92 22.56 21.19 

Sunflower seed cake  91.61 30.84 13.25 14.46 22.43 

Soy beans 90.70 35.84 17.26 1.53 16.59 

Blood meal  90.19 72.00 0.52 0.0 11.50 

Maize bran  88.59 7.27 5.35 0.0 10.50 

Wheat pollard  91.05 14.34 4.55 6.65 15.24 

Wheat flour 88.26 10.84 1.97 0.0 9.17 

      

Trial 2 Ingredient      

Cotton seed cake  92.81 34.69 0.84 17.96 6.49 

Sunflower seed cake  93.38 24.33 14.76 31.71 4.32 

Soy beans 90.76 32.29 15.32 13.91 8.87 

Blood meal  88.42 76.84 0.77 0.92 7.02 

Maize bran  88.13 10.06 10.55 2.68 2.98 

Wheat pollard  90.30 14.65 4.86 8.78 3.53 

 
 
 
on: i) the histology of the intestine (trial 1) and 2) nutrient 
digestibility and body composition of Nile tilapia (trial 2). 
 

 
Experimental diets, fish and feeding 

 
The experimental diets were formulated using sunflower and cotton 
seed cakes, wheat pollard, maize bran, soya meal, blood meal, 
sunflower oil, wheat flour, vitamin and mineral premix, salt. To 
inactivate anti-nutritional factors, soya beans and cotton seed cake 

were heat treated at 40-50C for 10 min. Ingredients were ground 
and sieved using a 0.2 mm mesh size sieve. The proximate 
composition of ingredients used in trial 1 and 2 are provided in 
Tables 1 and 2.  

For each trial, 4 experimental diets containing 25% crude protein 
were formulated with varying proportions of cotton (CSC) and 
sunflower seed cakes (SFSC) as the main protein sources using 
WinPas software. The diets include 10%CSC25%SFSC; 15% 
CSC20%SFSC; 20%CSC15%SFSC; 25%CSC10%SFSC. The 
control for trial 1 was a commercial tilapia diet with 25% crude 

protein from Ugachick Poultry Breeders Ltd in Uganda. Table 2 
shows the formulae for trial 1 and 2. An inert marker (chromic 
oxide) was incorporated into the diets for trial 2 to enable 
determination of the apparent digestibility of the nutrients. The 
proximate composition of the formulated diets is provided in Table 
3.  

Nile tilapia fingerlings were obtained from the Aquaculture 
Research and Development Centre, conditioned for 2 weeks and 
size graded to obtain fish with no significant differences in initial 
weights between treatments. The fish in trial 1 were fed on their 
respective diets three times a day between 9 - 10 am, 12 noon - 1 
pm and 4 - 5 pm at a feeding rate of 4% of the live body weight per 
day. In trial 2, fish were fed to apparent satiation twice a day from 
9:00-10:00 am and 4:00-5:00 pm. 
 
 
Experimental facilities and design 

 
Trial 1 was run for a period of 120 days in a pond with a water 
surface area of 1,450 M

2
 (44 x 33 m) each. The water depth at the 

inlet side was 1 and 1.5 m at the outlet side. Fifteen (15) happas 
were placed in one pond. Fifteen happas were used because the 
five different diets (four formulated diets and a commercial feed) 

represented a treatment and each treatment was replicated three 
times. Treatments were assigned using a randomized complete 
block design. Each happa measured 1x1x1 m (length, width and 
height) and had a mesh size of 1 mm. The happas were supported 
using wooden poles and 70 cm depth of the happas was 
submerged in the pond water. The happas were installed in 3 rows 
and each row had 5 happas with each treatment represented in 
each row. The happas within the same row were installed 3 m away 
from each other while the happas at the end of each row were 
installed 8 m away from the pond dyke. The distance between the 
rows was 10 m. At the inlet side, the first row of happas was 
installed 10 m away from the rear pond dyke while at the outlet 
side; the last row of happas was installed 11 m away from the hind 
pond dyke. A 2 inch net was placed on top of each happa to 
prevent birds from preying on the fish. The happas were each 
stocked with 35 Nile tilapia fingerlings of 5.7 g. In order to minimise 
clogging of the happas with organic matter, they were cleaned after 

every three days using a brush. 
Trial 2 was carried out in a flow through culture system for a 

period of 60 days in 24 plastic tanks each with a water volume of 60 
L. Each tank had 30 fish of 3 g, aerated using an air stone and 
covered with a gill net mesh of 1 inch to control the stocked fish 
from jumping out. The treatments were randomly distributed. 
 
 
Data collection 
 
Samples for histological examination of the fore intestine were 
collected at the end of the trial 1. The fore intestine was selected 
because it is where most of the nutrient absorption takes place 
(Rust, 2003). Three fish were randomly picked from each happa 
and those from the same treatment pooled together. The abdomen 
was opened and the digestive system was carefully dissected to cut 
out the intestine. Two (2) cm sections were cut from the anterior 
part of the intestine. The anterior intestine was defined as the 
portion that is three quarters the total length of the intestine from 
the stomach and posterior intestine as the remaining portion which 
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Table 2. Proportions (%) of the ingredients used for making diets for trial 1 and 2 
 

Trial 1 ingredient  10%CSC 25%SFSC 15%CSC20%SFSC 20%CSC15%SFSC 25%CSC10%SFSC 

Sunflower seed cake 25 20 15 10 

Cottonseed cake 10 15 20 25 

Soybean meal 10 10 10 10 

Blood meal 7 7 7 7 

Wheat pollard 34.1 34.1 34.1 34.1 

Maize bran 7 7 7 7 

Sunflower oil 2 2 2 2 

Vitamin and mineral premix 2 2 2 2 

Wheat flour 2.5 2.5 2.5 2.5 

Salt 0.4 0.4 0.4 0.4 

     

Trial 2 Ingredient     

Sunflower seed cake 25 20 15 10 

Cottonseed cake 10 15 20 25 

Soybean meal 2.5 2 3 3 

Blood meal 10 10 10 9 

Wheat pollard 42 43.1 40.1 41.1 

Maize bran 3.6 3 5 5 

Sunflower oil 1.5 1.5 1.5 1.5 

Vitamin and mineral premix 2 2 2 2 

Wheat flour 2 2 2 2 

Salt 0.4 0.4 0.4 0.4 

Chromium oxide 0.5 0.5 0.5 0.5 
 

Vitamin and mineral premix contained: Vitamin A, 7,000,000 I.U; Vitamin D3, 2,000,000 I.U; Vitamin E, 10,000 mg; Vitamin K3 STAB, 

200 mg; vitamin B1, 300 mg; Vitamin B2, 800 mg; vitamin B6, 400 mg; vitamin B12, 2 mg; niacin, 3,000 mg; pantoth acid, 1,000 mg; folic 
acid, 100 mg; biotin, 75 mg; choline, 35,000 mg; manganese, 6,000 mg; iron, 4,000 mg; zinc, 5,000 mg; copper, 800 mg; cobalt, 30 mg; 
iodine, 100 mg; selenium 1%, 20 mg; antioxidant, 20,000 mg; olaquindox 10%, 20,000 mg; salox 12%, 50,000 mg; ronozyme p, 5,000 

mg; ronozyme g2, 12,000 mg; carophyl yellow, 2,500 mg; carophyl red, 500 mg  

 
 
 
Table 3. Analyzed proximate composition (%) of the diets fed to Nile tilapia during trial 1 and 2. 

 

Trial 1 
 Diet    

10%CSC25%SFSC 15%CSC20%SFSC 20%CSC15%SFSC 25%CSC10%SFSC Control 

Crude protein 25.23 25.26 24.68 25.22 24.52 

Crude lipid 7.52 8.26 8.03 7.51 5.95 

Nitrogen free extract  48.42 45.53 50.97 45.13 49.85 

Crude fibre 1.88 2.15 1.93 3.64 2.35 

Ash 16.96 18.69 14.39 18.50 17.33 

      

Trial 2      

Crude protein 25.81 24.89 25.71 25.89  

Crude lipid 7.48 4.38 3.38 2.37  

Nitrogen free extract  49.23 51.30 51.51 53.65  

Crude fibre 11.41 12.74 12.85 11.60  

 
 
 
extended distally from the anterior intestine to the anus. All tissues 
were fixed in Bouin’s fixative and embedded in paraffin wax. 

Sections of 5 µm were cut and stained with Harris hematoxylin and 
eosin (H&E).  
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Figure 1. Light micrograph of the anterior part of the intestine of Nile tilapia. The intestine is arranged into 

intestinal folds (IF) with an epithelial sheet (E) covering the folds and it bears a lamina propria (LP) of 
loose connective tissue. A. 10%CSC25%SFSC; b. 15%CSC20%SFSC; c. 20%CSC15%SFSC; d. 
25%CSC10%SFSC; e. Control diet. Magnification × 200. 

 
 
 

At the beginning of trial 2, a total of 20 fish were removed from 
the pool of fish and 5 fish were removed from each happa at the 
end of the trial for determining the initial and final body composition 
of the fish from different treatments. The fish were frozen at -20°C 
until they were analysed. 

After two weeks of the trial 2, faecal samples were collected daily 
from each tank by siphoning the bottom of the tank. Faecal 
collection started one hour after fish feeding and stopped after 3 h. 
The samples were dried in an oven at 40°C for 12 h. Samples from 
each tank were pooled together, ground and homogenized before 
proximate analysis.  
 
 
Laboratory analysis 

 
Proximate composition (crude protein, crude lipid, crude fibre, ash, 
moisture, Nitrogen free extract) of the fish and diets was determined 

based on the method described by the AOAC (1990). Crude protein 
was measured by determining the nitrogen content of the ingredient 
using the micro-Kjeldahl method and calculating the crude protein 
level by multiplying the nitrogen content by 6.25. Crude lipid was 
determined by ether extraction method using soxhlet apparatus. 
Ash content was measured by placing a sample of known weight in 
a furnace of 470-550°C for 3 h and the remaining weight was 
considered the ash. Moisture content was measured by placing a 
sample of known weight in an oven set at 105-110°C until the 

sample attained a constant weight. The lost weight from the sample 
was considered the moisture content and the remaining weight dry 
matter. 

 Photomicrographs were taken using a light microscope (Carl Zeiss) 
with an Axio-Vision 2.05 image analysis system. Samples from the 
anterior intestine of the fish were compared between treatments. 
The intestinal sections were evaluated according to criteria 
described by Dimitroglou et al. (2010) which include among others: 
intestinal fold length, width, and number.  
 
 
Data analysis 

 
The effect of the experimental treatments on the digestibility of dry 
matter, crude protein, fat, ash and fiber in the faeces; composition 
of protein, fat and ash in fish carcass; and the number, length and 
width of intestinal fold was compared using SPSS one way analysis 
of Variance (ANOVA). Differences between treatments means were 
determined using Tukey’s multiple comparison test. Significant 
differences were considered at p<0.05.  
 
 
RESULTS 
 
Histology of the anterior intestine 
 
Figure 1 shows histology images of the fore intestine of 
Nile tilapia fed on the experimental diets. All the diets had 
similar morphology of the intestinal folds. However, fish 
fed on 20%CSC15%SFSC had the highest number and

 
 
 
 
 

 

Figure 1: Light micrograph of the anterior part of the intestine of Nile tilapia. The intestine is 

arranged into intestinal folds (IF) with an epithelial sheet (E) covering the folds and it bears a 

lamina propria (LP) of loose connective tissue. a 10%CSC25%SFSC;  

 

a b

i 

c 

d e 

LP IF E 
IF E 

LP 

IF 

E 

LP
 IF 

 

IF 

E 

LP
 IF 

 

IF 

E 

LP 



 

 

3836          Afr. J. Biotechnol. 
 
 
 

Table 4. Number, length and width of intestinal folds of the fore intestine of Nile tilapia fed on different diets with increasing quantities of 
cotton and sunflower seed cakes. 
 

Parameter 
10%CSC 

25%SFSC 

15%CSC 

20%SFSC 

20%CSC 

15%SFSC 

25%CSC 

10%SFSC 
Control P value 

Number of intestinal folds 46.00±4.00 37.70±5.86 48.00±2.00 44.50±0.50 42.00±5.00 NS 

Length of intestinal folds (µm) 27.18±4.35 29.86±9.38 31.45±4.79 29.87±5.12 30.44±4.00 NS 

Width of intestinal folds (µm) 11.08±1.85
a
 13.38±3.87

b
 13.92±2.49

b
 13.45±3.75

b
 14.82±2.41

b
 0.000 

 

Values on the same row with different superscripts (a, b, c, d) are significantly different (P<0.05). NS is no significant difference. 
 
 

 
Table 5. Initial and final body composition of the Nile tilapia fed on diets containing increasing quantities of cotton and sunflower seed cakes. 

 

Parameter Diet 

Initial body composition (%): 

Ash 15.26     

Crude protein 59.02     

Fat 11.57     

 

Final body composition (%): 

 
10%CSC 

25%SFSC 

15%CSC 

20%SFSC 

20%CSC 

15%SFSC 

25%CSC 

10%SFSC 
P value 

Ash 12.44±0.27
b
 11.38±0.14

a
 12.20±0.11

b
 12.42±0.27

b
 0.001 

Crude protein 59.91±0.75
b
 57.25±0.14

a
 59.79±0.40

b
 56.33±0.60

a
 0.000 

Fat 18.67±0.27
a
 26.27±1.03

c
 22.03±0.18

b
 23.45±0.78

b
 0.000 

 
 
 

Table 6. Apparent digestibility coefficients of the nutrients in diets containing increasing quantities of cotton and 
sunflower seed cake fed to Nile tilapia. 
 

Parameter 
10%CSC 

25%SFSC 

15%CSC 

20%SFSC 

20%CSC 

15%SFSC 

25%CSC 

10%SFSC 

 

P value 

Dry matter 97.45±0.01 97.59±0.02 97.61±0.01 97.44±0.05 NS 

Crude protein 99.60±0.47
b
 98.36±0.04

a
 98.34±0.02

a
 98.46±0.01

a
 0.000 

Crude fat 99.78±0.25
c
 98.93±0.01

b
 99.06±0.02

b
 98.22±0.03

a
 0.000 

Crude ash 98.46±1.77 97.15±0.31 97.82±0.17 97.59±0.20 NS 

Crude fibre 96.93±3.50 94.81±0.09 95.74±0.23 95.77±0.10 NS 
 
 
 

length of intestinal folds although not significantly 
different from the other treatments (Table 4). The width of 
the intestinal folds was significantly lower with fish fed on 
10%CSC25%SFSC. 
 
 

Body composition 
 

There was a reduction in the amount of ash in the fish 
after feeding on the experimental diets (Table 5). Higher 
protein content was obtained with diets containing 
10%CSC25%SFSC and 20%CSC15%SFSC. Fish fed on 
15%CSC20%SFSC had a significantly lower amount of 
ash but higher fat content (P<0.05) compared to the other 
 treatments. The lowest fat content was obtained with fish 
fed 10%CSC25%SFSC. 

Digestibility of nutrient 
 
There was no significant difference in the digestibility of 
dry matter, ash and fibre between treatments. Crude 
protein and fat were more efficiently digested by fish fed 
on 10%CSC25%SFSC and 20%CSC15%SFSC (Table 
6). 
 
 

DISCUSSION  
 

Besides assessing the impact of a diet on growth and 
feed utilization efficiency in fish, it is also vital to know the 
mechanisms responsible for the observed performance. 
These include among others nutrient digestibility, absorp-
tion in the digestive system and retention in the body.  



 

 

 
 
 
 

The efficiency at which the diets ingested are digested 
largely determines growth performance (Deganp and 
Yehuda, 1999; Guillaume and Choubert, 1999). This is 
because the nutritive value of food depends not only on 
its nutrient content but also on the capacity of the animal 
to digest and absorb the nutrients (Cook et al., 2000; 
Rust, 2003).  

In this study, the apparent digestibility of crude protein, 
fat, ash and fibre for all the experimental diets ranged 
between 94 and 99% despite the high fibre content in 
SFSC and CSM (Table 1). This high level of nutrient 
digestibility is attributed to the fact that the feed was 
cooked before pelleting making it easier for the fish to 
digest (Jauncey, 1998; Engin and Ozkan, 2008). Deganp 
and Yehuda (1999) also found high digestibility values for 
protein in sunflower seed meal (78%), in rapeseed meal 
(86%) and in cottonseed meal (79%). In this study, 
10%CSC25%SFSC had the most efficiently digested 
crude protein, fat, ash and fibre suggesting that the diet 
had more bio-available nutrients for the fish (Rust, 2003). 

The efficiency at which digested nutrients are absorbed 
can be assessed using the histology of the intestine 
because it is the main site for nutrient absorption 
(Rodrigues et al., 2009). Negative effects on the anatomy 
of the intestine reduce the efficiency of its performance 
(Hu et al., 2007; Rašković et al., 2011). Borgeson et al. 
(2006) noted a decrease in intestinal fold length (villi) with 
decreasing fish meal and increasing plant protein in the 
diet of Nile tilapia and this corresponded with reduced 
growth.  

In this study, the diets caused no significant negative 
changes in the histology of the intestine of Nile tilapia in 
terms of the number and length of intestinal folds when 
compared to the control diet that contained fish meal. An 
increase in the number, length and width of intestinal 
folds is associated with an increase in the surface area 
for absorption of nutrients vital for fish growth (Delashoub 
et al., 2010; Dimitroglou et al., 2010; El-Bakary and El-
Gammal, 2010). The diet with 20%CSC15%SFSC had 
the highest absolute number, length and width of 
intestinal folds implying that the nutrients in this diet could 
have been more efficiently absorbed by the fish.  

Nutrients absorbed in the digestive system are first 
used for maintenance of body functions and the surplus 
is retained in the body. Excess protein is deposited in the 
body for growth while excess energy is stored as fat 
(Jobling, 1994; Cook et al., 2000). This study observed a 
higher crude protein deposition and lower fat content in 
the carcass of fish fed 10%CSC25%SFSC and 
20%CSC15%SFSC.  

The lowest crude protein retention and highest fat 
deposit was obtained with fish fed 15%CSC20%SFSC. 
The results suggest that the diets with 
10%CSC25%SFSC and 20%CSC15%SFSC were the 
most efficiently assimilated. Deposition of protein in fish is 
known to  result into fish  growth. The  higher  the  protein 
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deposition, the higher the weight gained (Sveier et al., 
2000; Lupatsch et al., 2003). This observation is in 
agreement with findings by Aanyu et al. (2012) where the 
diet with 20%CSC15%SFSC had the best growth 
performance although it was not significantly different 
from the diet with 10%CSC25%SFSC while the diet with 
15%CSC20%SFSC had a significantly lower growth.  

In conclusion, the test diets did not negatively affect the 
number and length of intestinal folds as they were similar 
to the control. The diets with 10%CSC25%SFSC and 
20%CSC15%SFSC had the most efficiently digested 
protein, and highest protein deposition implying that 
dietary protein was effectively used. Feed formulations 
with 10%CSC25%SFSC and 20%CSC15%SFSC could 
be used for making Nile tilapia diets. Future research 
should analyze Nile tilapia diets formulated based on the 
amino and fatty acid profiles of cotton and sunflower seed 
cakes. In this study, the feed was formulated based on 
the proximate composition of the ingredients. More 
factors relating to the intestine morphology also need to 
be assessed since the intestine is the key site for nutrient 
absorption. 
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The objective of this study was to find substances of pharmacological interest in a variety of medicinal 
plants, such as Aloe vera (L.) Burm. (aloe), Simaba ferruginea St. Hil. (calunga), Baccharis trimera 
(Less.) DC (carqueja), Garcinia cambogia Desr. and Tournefortia paniculata Cham. (Marmelinho), to aid 
in the treatment of obesity and other diseases. To reach this goal, phytochemical screenings were 
performed, percentage and mineral compositions were determined, and the content of a number of 
bioactive compounds in the medicinal plants were studied. Important substances with therapeutic 
potential, especially phenolic compounds, saponins and dietary fiber, were found in all plants, and 
significant levels of calcium were found in G. cambogia and S. ferruginea. The studied plants showed 
great diversity with regard to phytochemicals and have the potential to be used in pharmaceutical 
formulations that have possible health benefits. However, more studies must be conducted on these 
plants, because recommendations regarding the possible risks and benefits for human health would be 
premature at present; additional studies on toxicity, efficiency and safety are necessary, particularly in 
relation to the saponins found in all plants and to the high levels of phenolic compounds in T. 
paniculata (36.19 g 100 g

-1
 dry matter). 

 
Key words: Phytochemical screening, percent composition, minerals, bioactive compounds, medicinal plants, 
obesity.  

 
 
INTRODUCTION 
 
The prevalence of obesity has increased steadily and is 
considered an important public health problem in 
developed countries and a global epidemic by the World 
Health Organization (WHO, 2010). A treatment for 

obesity is essential, because the condition is associated 
with various diseases, such as diabetes, some cancers 
and cardiovascular diseases, among others (Guh et al., 
2009). 
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Despite being one of the oldest diseases known to 
man, pharmacological options for the treatment of obesity 
are still limited and have many side effects (Mahan and 
Scott-Stump, 2008). The use of medicinal plants is being 
widely explored by consumers because of easy access, 
low cost, no need for prescriptions, and a belief in the 
absence of toxic effects. In addition, the pharmaceutical 
industry is interested in these plants as a viable 
alternative for the the future development of drugs that 
effectively and safely induce weight reduction (Mayer et 
al., 2009). Studies show that several natural products, 
including extracts and compounds isolated from plants, 
can be used for reducing body weight and preventing 
obesity (Souza et al., 2011; Simão et al., 2012).  

Various medicinal plants such as Aloe vera (L.) Burm. 
(aloe), Simaba ferruginea St. Hil. (calunga), Baccharis 
trimera (Less.) DC (carqueja), Garcinia cambogia Desr. 
and Tournefortia paniculata Cham. (marmelinho) are 
used in the treatment of obesity (Souza et al., 2011; 
Simão et al., 2012, 2013). However, there is no scientific 
evidence for most of these plants regarding their efficacy 
and safety in the treatment of this disease; their use is 
solely based on popular beliefs, which emphasizes the 
need for scientific studies to elucidate the chemical 
constituents of these plants. The pharmacological/toxic 
understanding regarding their use in the treatment of 
obesity and other diseases is highly important. 

The aims of this study were to perform phytochemical 
screening, determine chemical and percent composition 
as well as the bioactive compounds from the following 
medicinal plants: A. vera, B. trimera, S. ferruginea, G. 
cambogia and T. paniculata, and examine the potential 
for these substances as auxiliaries in the treatment of 
obesity. 
 
 
MATERIALS AND METHODS 
 
Sample collection and preparation 
 

B. trimera (Less.) DC (carqueja) and T. paniculata Cham. 
(marmelinho) leaves as well as the stem bark of S. ferruginea St. 
Hil. (calunga) were acquired in the municipal market of Belo 
Horizonte, Minas Gerais in January 2011. The B. trimera and T. 

paniculata leaves were washed with tap and distilled water and 
then placed with the S. ferruginea stem bark in forced air circulating 
ovens to dry for 48 h at ±35°C. After drying, the leaves and the bark 
were individually ground in a Wiley-type mill, and the powders were 

stored in hermetically sealed flasks until analyzed. Commercially 
available samples of Aloe vera (L.) Burm. (aloe) and of Garcinia 
cambogia Desr., were acquired from FLORIEN, a distributor of 
pharmaceutical raw materials. The A. vera and G. cambogia 

samples were further processed by lyophilization of the plant 
mucilage (A. vera) and by spray drying (G. cambogia). 
 

 

Analyses 
 

Phytochemical screening 
 

The powders obtained from the medicinal plants (FMP) were phyto-  
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chemically screened. Specific reagents were used for each 
chemical group to induce chemical reactions that developed distinct 
colours and/or precipitates, which were characteristic for each class 

of substances (Matos, 1997). The specific groups of chemicals 
analyzed were the following: organic acids, reducing sugars, 
alkaloids, anthraquinones, azulenes, carotenoids, catechins, 
depsides and depsidones, coumarin derivatives, steroids and 
triterpenoids, flavonoids, cardiotonic glycosides, sesquiterpene 
lactones and other lactones, polysaccharides, proteins and amino 
acids, saponins and tannins. 
 
 

Percent composition 
 
The samples were placed in an oven at 105°C until a constant 
weight was reached to determine moisture content. The ether 
extract was determined using a Soxhlet continuous extractor. The 
crude protein was measured by the Kjeldahl method using the 
conversion factor 6.25 (N × 6.25). The percentage ash and fixed 
mineral residue were obtained from a defined quantity of samples 
by incineration (550°C) in a muffle furnace. The total soluble and 
insoluble dietary fiber was determined using an enzymatic method. 
The non-nitrogen extract was determined by the difference between 
100 and the sum (in dry matter) of the ether extract, protein, ash 
and total dietary fiber. All methods used to determine percent 
composition in this study were performed using the methodology 
described by the Association of Official Analytical Chemists - AOAC 
(2005). 
 
 

Mineral composition 
 
The samples were subjected to a nitropercloric digestion in digester 
blocks with temperature control to quantify the minerals (Fe, Zn, 
Mn, Cu, Ca, Mg, P, K and S). Colorimetry was used to quantify P 
and S, flame photometry was used for K and atomic absorption 
spectrophotometry was used to determine amounts of Ca, Mg, Cu, 

Mn, Zn and Fe. The procedures used to analyze metal composition 
are described by Malavolta et al. (1997). 
 

 

Phenolic compounds 
 
The phenolic compounds were extracted with 50% methanol under 
reflux with three consecutive washes at 80°C. The extracts were 
collected and evaporated to 25 mL. The phenolic compounds were 

measured using the Folin-Denis reagent and tannic acid as a 
standard (AOAC, 2005). 
 
 

Oxalic acid 
 

The method developed by Loures and Jokl (1990) was employed to 
measure the oxalic acid. A hot extraction was performed with 
hydrochloric acid, and the oxalic acid was precipitated and 

quantified by titration of calcium oxalate with potassium 
permanganate. 
 

 

Nitrate 
 

Nitrate was extracted from the samples with distilled water at 45°C. 
Typically, a complex is formed by the nitration of salicylic acid under 
highly acidic conditions, and a distinct peak can be measured using 
a spectrophotometer at 410 nm in basic solutions (pH greater than 
12). The absorbance of the material was directly proportional to the 
amount of nitrate present as long as no ammonium, nitrite, or
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Table 1. Qualitative phytochemical screening of medicinal plants. 
 

Constituent 
Aloe 

vera 

Baccharis 

trimera 

Simaba 

ferruginea 

Garcinia 

cambogia 

Tournefortia 

paniculata 

Organic acids - - - - + 

Reducing sugars + + + + + 

Alkaloids - - - - - 

Anthraquinones - - - - + 

Azulenes + + + - - 

Carotenoids - + - - + 

Catechins - - - + + 

Depsides and depsidones - + + - + 

Coumarin  derivatives - - - - - 

Steroids and triterpenoids - + + - + 

Flavonoids - + + - + 

Cardiac glycosides - - - - - 

Sesquiterpene lactones and other lactones - - - - + 

Polysaccharides + + - - - 

Proteins and amino acids + + + + + 

Saponins + + + + + 

Tannins - - - + + 
 

The signs indicate the presence (+) or the absence (-) of the metabolite. 

 
 
 
chlorine ions were present. Potassium nitrate was used as a 
standard (Cataldo et al., 1975). 
 
 
Trypsin inhibitor 
 

Trypsin inhibitors were extracted with 0.1 mol L
-1

 NaOH under 
magnetic stirring. After centrifugation at 10,000 × g for 60 min, an 
aliquot of the supernatant was used in the enzyme assay (Kakade 
et al., 1974). The trypsin activity was measured according to the 
methodology proposed by Erlanger et al. (1961). In total, 200 µL 
plant extracts and 200 µL enzyme were incubated in a water bath at 
37°C for four time periods after the addition of 800 µL benzoyl-DL-
arginine-p-nitroanilide (BApNA). The BApNA substrate solution (pH 
8.2) was prepared in TRIS buffer (tris (hydroxymethyl) 

aminomethane) at 0.05 mol L
-1

 with 20 mmol L
-1 

CaCl2. The reaction 
was stopped using 200 µL 30% acetic acid, and the product was 
measured using a spectrophotometer at 410 nm.  
 
 
Saponins 
 
The saponins were extracted with ethanol under stirring at room 
temperature for 60 min. The total saponin content was determined 
by the reaction of saponins with anisaldehyde, and digitonin was 
used as a standard (Baccou et al., 1977). 
 
 
Statistical analysis 

 
All data were collected in triplicate and presented as the mean ± 
standard deviation. The data were statistically evaluated by 

analysis of variance, and the means were compared using the Scott 
Knott test (P <0.05) with the aid of the R software (R Development 
Core Team, 2011). 

RESULTS AND DISCUSSION 
 

Phytochemical screening is characterized by the 
identification of chemical compounds present in plant 
materials. The phytochemical screening results of 
substances FMPs are shown in Table 1.  

The results indicated the presence of different 
metabolic groups of pharmacological interest in the plants 
examined, such as tannins (G. cambogia and T. 
paniculata), depsides and depsidones (B. trimera, S. 
ferruginea and T. paniculata), carotenoids (B. trimera and 
T. paniculata), and triterpenoids (B. trimera, S. ferruginea 
and T. paniculata), among other groups of metabolites. 

Alkaloids and cardiac glycosides were not detected in 
any of the analyzed plants. The preliminary phyto-
chemical screening provided a qualitative view of the 
chemical groups found in the plants, but further studies 
are needed to determine the concentration and charac-
terization of these substances. 

The results of the phytochemical screening are in 
agreement with other studies conducted on these plants, 
such as the study by Vasquez et al. (1996) on A. vera gel 
and its extracts, which showed the presence of saponins 
and the absence of tannins, flavonoids and alkaloids. 
Studies conducted by Rodrigues et al. (2009) on B. 
trimera showed the presence of flavonoids and saponins 
and the absence of alkaloids, anthraquinones, coumarins 
and cardiac glycosides. Moraes and Souza (2007) 
examined T. paniculata leaves and reported the presence 
of flavonoids and tannins as well as the absence of 
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Table 2. Percent composition of medicinal plants in g 100 g
-1

 dry matter.  
 

Constituent 
Aloe 

vera 

Simaba 

ferruginea 

Baccharis 

trimera 

Garcinia 

cambogia 

Tournefortia 

paniculata 

Ether Extract ND
2 

1.97±0.11
c
 2.49±0.20

b
 ND 3.88±0.21

a
 

Crude Protein 1.54±0.11
d
 8.96±0.11

b
 7.15±0.22

c
 1.78±0.25

d
 10.78±0.35

a
 

Ash 3.30±0.08
e
 8.53±0.04

b
 6.18±0.05

c
 34.18±0.24

a
 3.61±0.01

d
 

Insoluble Fiber 5.20±0.18
d
 45.20±0.43

c
 64.67±0.50

a
 3.09±0.18

d
 46.71±0.80

b
 

Soluble Fiber 5.77±0.33
b
 3.74±0.22

c
 1.60±0.07

d
 30.11±1.19

a
 1.16±0.05

d
 

Total Fiber 10.97±0.42
d
 48.94±0.62

b
 66.26±0.53

a
 33.08±1.02

c
 47.87±0.86

b
 

NNE
1 

84.18±0.51
a
 31.60±0.64

c
 17.93±0.60

d
 30.96±1.17

c
 33.86±0.11

b
 

 

All data were collected in triplicate and represent the mean ± standard deviation. The same letter in rows 
indicates that the values do not differ by the Scott-Knott test (P <0.05). 

1
NNE: Non-nitrogen extract. 

2
ND: 

Not detected. The moisture content in the powders of the medicinal plants in g 100 g
-1

: Aloe = 8.53; 
Simaba = 8.42; Baccharis = 8.56; G. cambogia = 3.94; Tournefortia: 9.90. 

 
 
 
alkaloids. Studies performed by Subhashini et al. (2011) 
on G. cambogia revealed the presence of saponins, 
tannins, sugars, and proteins and the absence of 
flavonoids as well as a positive result for the alkaloids 
test. There were no studies found on the phytochemical 
screening of S. ferruginia. 

The results of the chemical composition FMPs are 
shown in Table 2. In general, the contents of the ether 
extract were low, and T. paniculata had the highest 
content of ether extract (3.88 g 100 g

-1
 dry matter - DM). 

Ether extract was not detected in A. vera and G. 
cambogia. In addition, the contents of crude protein were 
relatively low, and the ash content was very high in G. 
cambogia (34.18 g 100 g

-1
 DM).  

The highest content of dietary fiber (DF) was found in 
B. trimera (66.26 g 100 g

-1
 DM), and the lowest amount in 

A. vera (10.97 g 100 g
-1

 DM). In addition, a high content 
of soluble DF was found in G. cambogia (30.11 g 100 g

-1 

DM), and insoluble DF was found in B. trimera and T. 
paniculata at 64.67 and 46.71 g 100 g

-1
 DM, respectively. 

Epidemiological studies suggest that dietary fiber is 
capable of preventing obesity and weight gain and 
reduces the risk for developing diabetes and cardiovas-
cular diseases, among others (Liu et al., 2003). 

In general, soluble DF helps in the treatment of obesity 
because it slows gastric emptying, glucose absorption, 
and reduces cholesterol in blood serum (Rique et al., 
2002; Mello and Laaksonen, 2009). Conversely, insoluble 
DF accelerates intestinal transit and increases feces 
weight (Rique et al., 2002). Thus, the presence of DF in 
the composition of the analyzed plants can aid in the 
treatment of obesity. 

The non-nitrogen extract or glicidic fraction consisted 
primarily of sugars. The highest content of sugars was 
found in A. vera (84.18 g 100 g

-1
 DM) followed by T. 

paniculata (33.86 g 100 g
-1

 DM), S. ferruginea (31.60 g 
100 g

-1
 DM) and G. cambogia (30.96 g 100 g

-1
 DM).  

In addition to  the  influence  of  macronutrients  on  the 

development of obesity, micronutrients, especially 
minerals, have received much attention because of their 
influence on body weight control. Table 3 shows the 
mineral contents FMPs examined in this study, which can 
be used as auxiliaries in the treatment of obesity. High 
levels of certain minerals were found in A. vera, such as 
potassium (1,009.44 mg 100 g

-1
 DM) and manganese 

(47.07 mg 100 g
-1

 DM). High levels of potassium 
(1,383.13 mg 100 g

-1
 DM), calcium (2,660.70 mg 100 g

-1
 

DM) and iron (55.67 mg 100 g
-1

 DM) were found in S. 
ferruginea, and potassium (2,336.69 mg 100 g

-1
 DM) and 

iron (39.98 mg 100 g
-1

 DM) were found in B. trimera. In 
addition, high levels of calcium (7,273.23 mg 100 g

-1
 DM), 

sulfur (999.38 mg 100 g
-1

 DM) and iron (73.69 mg 100 g
-1

 
DM) were found in G. cambogia.  

Minerals play important roles in the human body, and 
one of them is regulation of metabolism. The absence of 
some minerals can cause metabolic problems, such as a 
slowing of the metabolism, which may lead to weight 
gain. In addition, some minerals can participate in the 
digestion of carbohydrates, fats and proteins and can act 
as aids in weight reduction.  

The high levels of calcium shown in G. cambogia and 
S. ferruginea can be extremely effective for the treatment 
of obesity because calcium intake is involved in the 
regulation of body weight (St-Onge, 2005). Variations in 
the concentration of circulating calcium can affect food 
intake. High calcium content is known to decrease food 
intake because of the greater availability of calcium to ion 
channels. Several studies have shown that obese 
patients submitted to diets with high contents of calcium 
show a reduction in body fat (Heaney, 2003; Moore et al., 
2004; Zemel et al., 2004). 

Bioactive compounds present in plants can aid in 
health maintenance and in reducing the risk of disease; 
however, these compounds can cause damage to health 
if their concentration levels are too high. Thus, it is 
important to perform characterization studies on these
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Table 3. Mineral composition of medicinal plants in g 100 g
-1

 dry matter. 
 

Mineral 
Aloe 

vera 

Simaba 

ferruginea 

Baccharis 

trimera 

Garcinia 

cambogia 

Tournefortia 

paniculata 

P 44.40±0.00
c
 83.84±6.31

a
 83.84±6.31

a
 76.44±0.00

b
 44.40±0.00

c
 

K 1,009.44±6.31
c
 1,383.13±27.48

b
 2,336.69±49.31

a
 742.59±69.31

d
 495.75±12.82

e
 

Ca 845.45±6.31
c
 2,660.70±16.68

b
 612.42±0.00

d
 7,273.23±33.46

a
 381.06±23.10

e
 

Mg 258.74±6.31
b
 163.79±0.00

c
 142.17±0.00

d
 419.88±6.01

a
 147.98±6.41

d
 

S 258.74±27.51
e
 731.60±10.92

b
 630.65±12.63

c
 999.38±63.32

a
 527.19±23.54

d
 

Cu 13.12±0.21
a
 3.10±0.32

c
 7.81±0.76

b
 3.38±0.38

c
 2.04±0.27

d
 

Mn 47.07±0.49
a
 5.24±0.11

e
 13.47±0.27

c
 18.75±0.11

b
 7.00±0.17

d
 

Zn 1.57±0.23
d
 2.20±0.16

c
 3.84±0.00

b
 6.51±0.15

a
 1.40±0.05

d
 

Fe 2.58±0.38
e
 55.67±0.16

b
 39.38±1.44

c
 73.69±0.65

a
 11.51±0.43

d
 

 

All data were collected in triplicate and represent the mean ± standard deviation. The same letters in a row indicate that the 
values do not differ by the Scott-Knott test (P <0.05). The moisture content in the powders of the medicinal plants, in g 100 g

-1
: 

Aloe = 8.53; Simaba = 8.42; Baccharis = 8.56; G. cambogia = 3.94; Tournefortia: 9.90. 

 
 
 

Table 4. Contents of bioactive compounds of medicinal plants in dry matter.  

  

Medicinal plant 
Phenolic compounds 

(g 100 g
-1
) 

Oxalic acid 

(g 100 g
-1
) 

Nitrate 

(g kg
-1
) 

Trypsin inhibitor 

(TIA mg
-1
)
1
 

Saponins 

(g 100 g
-1
) 

Aloe vera           0.15±0.02
d
 ND

2 
0.77±0.01

d
 ND 0.07±0.00

d
 

Simaba ferruginea 1.62±0.03
c
 0.97±0.09

a
 0.81±0.02

c
 0.17±0.02

c
 0.13±0.00

c
 

Baccharis trimera 4.03±0.21
b
 0.91±0.03

a
 2.68±0.12

b
 6.26±0.32

b
 0.54±0.03

b
 

Garcinia cambogia 0.09±0.01
d
 ND 0.16±0.01

e
 ND 0.07±0.00

d
 

Tournefortia paniculata 36.19±0.91
a
 0.93±0.02

a
 6.96±0.13

a
 22.01±2.40

a
 1.00±0.09

a
 

 

Data are the mean of three replicates ± standard deviation. The same letter in the columns indicates that the values do not d iffer 
by the Scott-Knott test (P <0.05). 

1
TIA: trypsin inhibitor activity, in nmol min

-1
 mg

-1
. 

2
ND: Not detected. Moisture contents in the 

flours from medicinal plants, in g 100 g
-1

: Aloe = 8.53; Simaba = 8.42; Baccharis = 8.56; G. cambogia = 3.94; Tournefortia: 9.90. 

 
 
 
compounds in plant extracts. The bioactive compounds in 
samples FMPs are shown in Table 4. 

Phenolic compounds were found in all plants; T. 
paniculata showed the highest content of phenolic 
compounds (36.19 g 100 g

-1
 DM), followed by G. 

cambogia (0.09 g 100 g
-1

 DM) and A. vera (0.15 g 100 g
-1

 
DM) showed the lowest content. The maximum dose of 
phenolic compounds suggested for humans is approxi-
mately 1 g day

-1
 (Scalbert et al., 2005); thus, the daily 

limit is reached with only 3 g of T. paniculata. These 
plants are not typically used in food but have been used 
for the treatment of obesity. T. paniculata is notable 
among the plants examined in this study because of the 
health risks associated with its consumption, due to its 
high content of phenolic compounds concentrated in 
small quantities of the plant.  

The concentrations of phenolic compounds found in the 
leaves of B. trimera (4.03 g 100 g

-1
 DM) were higher than 

those observed in other studies with this plant, whose 
levels ranged from 0.045 to 2.67 g 100 g

-1
 DM (Freitas et 

al., 2004; Souza et al., 2011; Oliveira et al., 2012). These 

differences may result from the methods of preparation 
(maceration and infusion) and by the use of other 
extraction solvents, such as ethanol, ethyl acetate, and 
butanol, among others. 

The amount of phenolic exceeded the amount recorded 
by Moniruzzaman et al. (2012) for A. vera, which was 
0.0008 g 100 g

-1
 DM.  The authors also found that the 

leaves of A. vera have higher phenolic content than the 
gel, which indicates the leaves can be used as 
antioxidants. Conversely, the amount of phenolic for G. 
cambogia were lower than the amount reported by 
Subhashini et al. (2011), which was 7.5 g pyrocatechol 
100 g

-1
 DM and also those recorded by Jantan et al. 

(2011) in 22 methanol extracts of different parts (leaves, 
trunks, bark and fruits) of nine Garcinia species showed 
amounts ranging from 0.44 to 6.28 g gallic acid 100 g

-1
 

DM.  
The different results could have been caused by the 

pattern used in the dosage, different extragents, different 
species; the parts of the plant used and the origin of the 
samples. No records  were  found in  the  literature on the 



 
 
 
 
 
phenolic content of S. ferruginea and T. paniculata. 

Some phenolic compounds, such as tannins, can inhibit 
certain digestive enzymes, such as amylase and trypsin, 
which can result in weight loss and help in the treatment 
of obesity (Monteiro et al., 2005). They also have multiple 
biological effects, such as antioxidants, anti-allergic, anti-
inflammatory, anti-bacterial, anti-thrombotic, vasodilating 
and cardioprotective (Balasundram et al., 2006); these 
multiple biological effects have a broad field of application 
for the phenolics of these plants. 

There was no significant difference between the plants 
B. trimera, S. ferruginea and T. paniculata regarding the 
content of oxalic acid, and oxalic acid was not detected in 
A. vera and G. cambogia. Oxalic acid content higher than 
10 g are considered toxic to human health (Nappi et al., 
2006); therefore, the amount of oxalic acid found in the 
plants examined in this study posed no health risk. The 
toxic effect of oxalic acid in the body has been associated 
with the reduction of bioavailability of some essential 
minerals, such as calcium, and the primary conse-
quences are hypocalcemia and rickets, although absorp-
tion of iron, magnesium and zinc are also an issue 
(Siener et al., 2005). 

Nitrate was also found in all plants with amounts 
ranging from 0.16 to 6.96 g kg

-1
 DM. The acceptable daily 

intake of nitrate is 5 mg kg
-1 

body weight (WHO, 2003). 
The excessive consumption of this compound can lead to 
cyanosis through the formation of metmyoglobin and 
neoplasms from the formation of N-nitroso compounds 
(Faquin and Andrade, 2004). Great quantities of the 
analyzed plants would have to be consumed by a 60kg 
person to reach 300 mg nitrate. Therefore, the contents 
of nitrate found in these medicinal plants should not be a 
health risk. 

T. paniculata showed the highest potential for trypsin 
inhibition (22.01 trypsin inhibitor activity in nmol min

-1
 

(TIA) mg
-1

 DM), followed by B. trimera (6.26 TIA mg
-1 

DM), and S. ferruginea (TIA 0.17 mg
-1

 DM). The 
presence of trypsin inhibitors was not detected in the 
plants A. vera and G. cambogia. Souza et al. (2011) 
observed the presence of trypsin inhibitors in aqueous 
and methanolic extracts of B. trimera leaves, which 
confirmed the results in this study that trypsin inhibition 
was found in B. trimera. However, these authors 
expressed their results in percentage of trypsin inhibition 
instead of in TIA mg

-1
 DM, which made it impossible to 

make comparisons with the activity observed in this 
study.  

The presence of trypsin inhibitor, particularly in T. 
paniculata, resulted in specific inhibition of proteolytic 
enzymes, which can lead to decreased protein digestion 
and a decrease in the weight of animals. Saponins were 
found in all the studied species, and T. paniculata 
showed the highest amount (1.00 g 100 g

-1
 DM). The 

content of saponins recorded in this study for B. trimera 
(0.54 g  100  g

-1
  DM - ethanol  extract)   were   within  the  
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range reported by Souza et al. (2011) for this plant, which 
ranged from 0.23 (aqueous extract) to 0.75 (methanol 
extract) g 100 g

-1
 DM. In the same study, these authors 

also found no hemolytic effect in tests conducted with 
extracts of this plant. The results in that study indicated a 
low toxicity of the saponins present in these leaves. 

Saponins can cause many side effects, such as 
changes in reproduction and growth and a reduction in 
nutrient absorption because of changes in the per-
meability of cell membranes (Francis et al., 2002); this 
information highlights the need for studies to verify the 
toxicological potential of this phytochemical present in 
plant extracts. However, saponins may aid in the treat-
ment of obesity because they can inhibit digestive 
enzymes and act on lowering cholesterol in human 
plasma by forming micelles in the small intestine with bile 
acids, thus preventing their reabsorption (Pereira and 
Cardoso, 2012). 

Few articles related to the bioactive compounds found 
in the plants analyzed in this study were found in the 
literature (Souza et al., 2011; Moniruzzaman et al., 2012; 
Oliveira et al., 2012). Thus, there is a great need for more 
studies on these plants, and in particular, to examine any 
harmful effects resulting from their consumption by 
humans. 
 
 
Conclusion 
 
The plants examined showed high levels of substances, 
such as dietary fibers, some minerals, phenolic com-
pounds, saponins and trypsin inhibitors, that have 
potential applications for weight loss. However, it is pre-
mature to recommend the use of these plants because of 
the possible risks to human health.  

Additional studies on toxicity, efficacy and safety are 
necessary, particularly because of the saponins found in 
all plants examined and the high levels of phenolic 
compounds in T. paniculata. 
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