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Abstract

Increasing use of nano materials and the need to find new sources to produce nanofibrils have led many researchers for pre-
paring and characterizing nano cellulose from agricultural sources. Accordingly, the objectives of this study are preparation 
and characterization of nanofibrils of cellulose from heart-of-peach palm residue. This paper presents the preparation of 
nanofibrils from heart-of-peach palm residue by mechanical fibrillation of bleached cellulose pulp. Characterization includes 
their dimensions, chemical constituents and toxicity. The nanofibrils produced in gel form contained about 97.8g/100g of 
moisture and 2.2 g/100g of total fiber content. No toxicity was observed to the brine shrimp Artemia salina up to 50 g/L of 
fibrils indicating they are not toxic to such an animal. It is hoped these results will encourage the search for other nano-struc-
tured materials that is non-toxic to the environment.

Keywords: Heart-of-Peach Palm Residue; Bleached pulp; Mechanical fibrillation; Nanostructure; Chemical composition; 
Toxicity; Brine shrimp. Artemia salina
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Introduction

	 It is well known that extensive research and use of nano 
materials along with finding new sources for producing nano 
fibrils have been on the rise. Also, there are many methods to 
prepare nano cellulose particularly based on bio-resources. It is 
also reported that there has been continuous developments in the 
nanotechnology applications in food sector during the last decade 
or so particularly into the value-added chain of food processing 
and manufacturing [1-3]. Besides, nano structured materials can 
be added as thickener or as source of fibers to control intestinal 
transit or decrease cholesterol, glycaemia and others biochemical 
parameters. It is in this context complete characterization of 
nano materials including aspects of toxicology regarding living 
organisms is needed, when nano fibers are produced from 
various sources, especially from biomass and when these are 
used as an additive even in animal feeding with its effective role 
in various aspects including toxicity and risk of environmental 
pollution.

	 Nanotechnology has attracted the attention of sci-
entists in many fields because of the unique characteristics of 
nanomaterials that are not possible with conventional materials 
as reported. One of the largest sectors that has benefitted from 
nanotechnology is the food industry, with the development of 
functional materials, packaging, additives and others [4-10]. This 
is due to the unique characteristics of nanomaterials that are not 
possible with conventional materials. Although a good deal of 
research has been carried out on nanomaterials by physicists and 
chemists, resulting in a large number of published reports on the 
characterization of such materials, legislation on the use of these 
materials in products such as cosmetics and foods is yet to be 
formulated [7]. Nevertheless, due to the great potential of nano-
technology for innovations, there have been some reviews on the 
use of nanotechnology in the food sector such as in packaging, 
additives and others, including the implications of biological as-
pects and potential toxicity [5, 9-13]. There have been continu-
ous developments in nanotechnology with even some research 
groups in various institutions including some private industries 
have initiated research programs to explore the wide scope of 
nanotechnology into the value-added chain of food processing 
and manufacturing [7]. In fact, possibility for the use of silver 
nano particles as food additives in animal feeding is reported 
[10] mentioning some caution to be exercised while doing so 
particularly with respect to environmental pollution besides the 
toxic effect. This is true even in the case of nanomaterials pre-

pared from biomass and hence characterization of these mate-
rials to overcome the risk of environmental pollution is needed 
particularly when these are to be used for different purposes. 
Nanofibers can be produced from various sources, particularly 
from biomass [14] with a number of published reports about 
their possible use in food sector [7, 9, 11-17]. Production of na-
no-crystalline cellulose materials from lignocellulosic biomass 
is reported [15]. This report also highlighted their technologi-
cal developments and applications and the challenges and future 
opportunities as well as obstacles for the wide use of these ma-
terials. Recently, microcrystalline cellulose (MCC) from totally 
chlorine-free pulp from oil palm fruit has been successfully iso-
lated using acid hydrolysis [16]. This material showed good ther-
mal stability with potential for a range of applications, including 
green nano bio-composites and as pharmaceutical tableting ma-
terial. Biomass is as source has been used to produce cellulose 
nanofibrils in the form of gel by first homogenizing the material 
in a high-pressure homogenizer [16-19]. Fibers in this gel have 
been reported to be of nano-size in diameter but micro-size in 
length [14]. 

	 Abdul Kalil et al [18] have reviewed the production 
and modfication of nano fibrillated cellulose from biomass using 
various mechanical processes, stressing the increased attention 
being given to these materials by pointing out that due to unique 
characteristics of biomass such as its renewability, low density, 
high mechanical properties, biodegradability and low cost, in-
creased attention being given to its use in the preparation of 
nano materials. 

	 Among various biomass materials used as sources of 
nanofibrils, peach palm trees (Bactris gasipaes) are one of the po-
tential candidates, particularly the heart-of-palm, a widely culti-
vated plant in Brazil as well as Central America with Brazil rep-
resenting more than 50% of the whole heart-of-the-peach palm 
product marketed legally in the world. This culture has been in-
troduced in the South and Southeast Regions of Brazil to avoid 
exploitation of heart-of-palm from the native juçara palm (Eu-
terpe edulis) [called as ‘palmito’ in Brazil], an endangered species 
in the Mata Atlântica rainforest. 

	 In the case of heart of peach palm, just one fifth of the 
inner part of the stem tip can be used as human food [20], while 
about 70% of the stem is residue [21]. On the positive side, this 
residue shows great potential as a supplement to add fibrils to 
animal feed, which promotes several beneficial effects in the an-
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imal’s metabolism. This shows a great potential as supplement of 
fibrils in the animal feeding promoting several beneficial effects 
in the animal metabolism. Accordingly, this material was chosen 
to prepare the nanocellulose in this study.

	 There are some published papers mainly dealing with 
the characterization of peach palm and processing of nanocellu-
lose from this plant material [22-24]. One of these [22] deals par-
ticularly with the chemical composition and the morphology of 
various parts of peach palm as well as those of sheaths and stem 
(the processed by-products) flours and other aspects, while the 
other deals with fractionation of the polysaccharides present in 
the peach palm by-product flours and other aspects [23]. The last 
one [24] presents the preparation of nanocellulose directly from 
the fibers of this material without any normally used previous 
pulping process during the preparation of nanocellulose from 
lignocellulosic materials, but using different chemical delignifi-
cation protocols followed by mechanical disintegration in two 
different stages. Thus obtained nanocellulose is characterized in 
respect of chemical composition, thermal properties, crystalline 
structure and morphologies with the purpose of finding possi-
ble future use of this material. It is reported that just one fifth 
of the inner part of the stem tip of heart of peach can be used as 
human food [20], while about 70% of the stem is residue [21]. 
This residue shows a great potential as a supplement to add fibrils 
to animal feed, which promotes several beneficial effects in the 
animal’s metabolism. Accordingly, this material was chosen to 
prepare the nanocellulose in this study.

	 Because of the expanding applications of nano materi-
als there are an increase in the exposure of these materials to en-
vironmental and particularly to humans. Therefore, the studies 
of the nano toxicology are important. This is normally done us-
ing an organism. Any organism used for toxicity testing should 
be abundantly available, easy to maintain, sensitive as a biomark-
er and of low cost [25]. The brine shrimp Artemia sp. is one such 
low-cost living organism that can be easily manipulated in the 
laboratory, besides being available throughout the world, due to 
its large dispersion [26]. 

	 Since 1980 Artemia had been used in eco-toxicology af-
ter development of testing procedures and screening bioassays 
with sub lethal responses. Moreover, many sectors (i.e., medical, 
drug, and food) seem to use Artemia assays as often as environ-
mental laboratories do [27]. In fact, brine shrimp (Artemia sali-
na) had been used to evaluate the toxicity of silver nanoparticles 
biosynthesized by the algae Sargassum ilicifolium [28]. The au-

thors found a 50% mortality limit (LD50) value of 10nM/mL. 
Moreover, toxicity tests of many nanoparticles with different 
concentrations (1.56-400µg/mL) carried out with A. salina and 
in vitro cell culture assay did not show any statistical differences 
(P>0.05). Besides, A. salina test is fast and cheap [29]. 
Studies have shown poisonous action of several natural sub-
stances to this organism. In addition, this organism can be fed 
with bacteria, algae, protozoa and other wastes. It can be easily 
removed through filtration. It has been used in toxicity tests due 
to its capacity to form harmless cysts, supply biological materials 
that can be stored over long periods of time (> 6 months). In ad-
dition, toxicity testing using Artemia salina is simple, fast, sensi-
tive and relatively inexpensive. The results are basically obtained 
from estimating the concentration of the test substance through 
the mortality rates of the organisms [30, 31]. Accordingly, Arte-
mia salina was chosen for toxicity test in this study.

	 Although many researchers have used Artemia assay for 
acute toxic effect on food materials [32-34] and on nanoparticles 
[28, 29, 35-40], to the best knowledge of the authors, this is the 
first time cellulose nanofibrils are tested for this specific toxicity 
with A salina. This is due to the recognition of the multifacet-
ed advantages of nano materials including cellulose nano fibrils, 
with attempts made so far for their use as food additives [7, 9]. 
With the above background, the novelty of this investigation lies 
in the preparation of nano cellulose from this palm and charac-
terizing it for possible food addition as nutrient initially for rats. 
Thus the objectives of this study are to prepare and characterize 
nanofibrils of cellulose from heart-of-peach palm residue, which 
is also the first study using this resource. The paper presents 
chemical composition of the raw material used (heart of peach 
palm), preparation of nanofibrils from heart-of-peach palm 
residue, their characterization for their dimensions, chemical 
constituents and toxicity using Artemia salina, a low cost living 
organism with the aim of addressing environmental concerns 
that might arise. In fact, possibility of using prepared cellulose 
nanofibrils from peach palm residues as possible food additives 
in different proportions has already been addressed by the au-
thors with rats [17].

	 Therefore, it is hoped that the results presented in this 
study along with the above mentioned by the authors not only 
underlines attempts in finding new sources to produce nano cel-
lulose whereby value addition to the agro-industrial by-products 
could be found, but also triggers search for other green materi-
als (bio-sources) for preparing nano cellulose for possible food 
additive not only for animals, but also for human beings with a 
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view to increase the nutrition leading to a new market opportu-
nity for nano cellulose from biomass. Besides, the study would 
also suggest such waste biomass materials could be potential 
materials for various value added applications underlining that 
the results of the study will not only encourage the develop-
ment of nano-structured materials from waste green materials 
and by-products that is non-toxic to the environment, will also 
prompt the search for other bio indicators and sources to prepare 
nanocellulose for possible animal and human food additives to 
enhance nutrition. Such studies will also be helpful to various 
countries which have similar biomass ´wastes´ leading to their 
value added applications.

Experimental

Materials

The heart-of-peach palm-processing residue used to prepare the 
nanofibrils in this study was kindly supplied by an agroindustry 
of peach palm, located in Morretes, in the state of Paraná, who 
in turn got it from agribusiness located in Joinvile, state of Santa 
Catarina, Brazil.

Methods

Preparation of nanofibrils

Processing to obtain the nanofibrils for this study was carried 
out using the received raw material (residue of peach palm she-
aths) by mechanical fibrillation of bleached cellulose pulp in the 
Technology Laboratory of Non-Wood Products of EMBRAPA , 
Colombo, (PR-Brazil). 

Details of the process are as follows: As a preliminary step, 5 g 
of shell of heart-of-peach-palm was bleached three times using 
1.5 g of sodium chlorate, 0.1 mL (10 drops) of acetic acid and 
160 mL of water in a 250 mL erlenmeyer flask and heating it at 
70 - 80 °C for about 1 h. This step was repeated until the verifi-
cation of the total whitening of the sample, on average 3 times. 
It may be noted that 5 g was just an aliquot of the gel for the 
precise measurement of solid content in the gel (the same as con-
sistency). It did not need more samples for this purpose. After 
thorough washing in pure water, the bleached cellulosic pulp was 
then fragmented with 450 W of power, approximately 30 times 
between SiC ceramic rotors kept 0.1 mm apart for 10 minutes 
with a concentration of 1% using Masuko Sangyo Super Mass 
Collider (this consists of a rotating disk coupled to a fixed disk, 

with an adjustable opening between them where the sample was 
deposited), rotating at 1,500 rpm and to obtain a suspension of 
cellulose nanofibrils with 3% content. Through friction between 
the fibers and the discs, defibrillation occurred. The fibrils were 
then characterized for their dimensions, shape, chemical constit-
uents and toxicity.

Ultra-structural analysis of nanocellulose fibrils of heart-of-
peach palm

	 First, the dimensions of the nanofibrils were deter-
mined using both scanning and transmission electron micro-
scopes (SEM and TEM). For this, about 0.1 mL (10 drops) of the 
sample were poured on 13-mm diameter circular glass plates and 
dried at room temperature. Then, the samples were given gold 
coating using a Balzers SCD 030 coating unit for observation 
under SEM. A JEOL scanning electron microscope (JSM 6360) 
available with Electron Microscopy Center (CME) of UFPR was 
used in this study. The operating conditions used to observe 
these coated samples were voltage of 20 KV and 10 mA current.

	 For observation of the sample in TEM, first it was sol-
vent exchanged in 4 parts of pure ethyl alcohol. Then they were 
subjected to ultrasonic vibration for 1 h followed by their place-
ment on a mesh. There after the samples were placed on a pal-
ladium screen and dried at room temperature. This process was 
carried out in an ultrasonic type cleaning bath (not ultrasonic 
high-speed batch mixers), which works on low energy compared 
to ultrasonic high-speed batch mixer equipment and does not 
affect the size of the cellulose nanofibrils. Instead, the sonication 
reduces agglomeration of nanofibrils in the replaced solvent, 
whereby better observation of individual fibrils through TEM 
imaging after solvent evaporation is possible. It may be noted 
that ultra-sonication is another method as an one-step process 
to obtain nanocellulose without any decrease in the size of the 
obtained nanofibrils. Therefore, the use of ultra-sonication to 
prepare sample for TEM could cause diminution of the fibrils. 
In this study, the authors have tried to avoid this artifact. The 
samples thus obtained were studied in a JEOL transmission elec-
tron microscope (Model JEM1200EX-II) available with Electron 
Microscopy Center (CME) of UFPR. 

	 The resulting images were processed with the Paint.net 
TM software version 3.5.10, which allowed an estimation of the 
fibril size.
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Chemical analysis of heart-of-peach palm and nanocellulose 
fibrils of heart-of-peach palm

	 Chemical analysis was carried out at the Laboratory of 
Technology for Non-Timber Products at Embrapa Florestas in 
triplicate so that each value is the average of three experiments. 
While the equipment used for weighing all samples was the Mars 
analytical balance, model AY220, the data were expressed on dry 
basis (m/m). For analysis of extractives, standard ABNT: NBR 
14853 was used [41] whereby soluble material in toluene: ethanol 
and dichloromethane was determined. The acid insoluble lignin 
(Klason lignin) was analyzed by ABNT: NBR 7989 standard 
[42]. The hemicellulose was analyzed following methodology 
described by Rowell [43] and the holocellulose by Wise [44]. 

	 In the case of obtained nanocellulose, after bleaching and 
passing through the mill, the samples were subjected to analysis 
of their proximate composition, following standard methodology 
for food analysis [45], and the results are presented in TABLE 
2. The constituent present in greater quantity was free water 
(in the form of moisture). This result was predictable, since the 
consistency of 0.01 sample was adopted for the preparation of 
the material (whitened and processed peach palm sheath). The 
centesimal composition data of the nanofibrils were consistent 
with those expected after processing. The bleaching step was 
intended to remove most of the compounds present in the 
peach palm sheath, including simple carbohydrates and residual 
lignin. Considering the reported effect of lignin content on the 
processing of nanofibrils from lignocellulosic materials [46], and 
it being chemically heterogeneous and its amorphous character 
makes it difficult to organize into fibrils, it was decided not to 
maintain lignin in the solution to be produced. 

	 The analysis of nanocellulose fibrils was carried out 
following the food analysis standard of Adolfo Lutz Institute 
(2005) [47]. Moisture content was determined by the gravimetric 
method by drying 5 g of different samples overnight in a hot air 
oven at 105 oC. The samples were weighed in previously dried 
porcelain crucibles (50 mL), numbered and labelled. Drying was 
carried out using a Fanem oven, 315 SE (Fanem oven, 315 SE 
at 105°C overnight.overnight. The samples were then removed 
from the oven, placed in a desiccator until cooled to temperature 

removed from the oven, placed in a desiccator until cooled to 
room temperature and weighed again. 

	 The moisture content was then calculated using the fol-
lowing formula:
	 Moisture Content (%) = 100 x (m3 - m2) /m1

	 Where, m3 = mass of the crucible with the dry sample 
in grams m2 = mass of the previously dried crucible in grams m1 
= wet sample mass in grams.

                 Ash content of the nanofibrils was determined as follows: 
Ash content is the name given to the residue obtained by heating 
a product to remove all the carbon. Ash is usually obtained by 
ignition of a known quantity of sample [45].

	 Approximately 2g of sample was weighed in previous-
ly calcined porcelain crucibles (25 mL), numbered and labelled. 
For this purpose, the samples were first carbonized on an electric 
plate at low temperatures and then transferred to the JUNG muf-
fle, J200, where they were heated at 550°C for 4 hours until the 
coal was removed. Then, the material was placed in a desiccator 
for 60 min for cooling and again weighed.

	 The ash content was calculated using the following for-
mula:
	 Ash content (%) = 100 x (m3 - m2)/m1

	 Where, m3 = mass of the crucible with the calcined 
sample in grams, m2 = mass of the previously calcined crucible 
in grams, m1 = mass of the wet sample in grams.

	 Since the lipid content in the samples could not be de-
tected by the standard methodology, it was determined following 
official method number 920.39 C of l of the Association of official 
analytical chemists [45] as follows: The lipids were extracted di-
rectly from the samples in a fat extractor device (Tecnal, TE 044), 
with anhydrous ethyl ether as solvent. About one gram of each 
sample was dried in aluminum crucibles containing degreased 
cotton at 105 °C for 4 hours. After drying, they were transferred 
into cellulose cartridges. Parallely, reboilers in the lipid extractors 
(See Figure 1) were also dried at 105 °C for 4 hours, marked and 
weighed in the lipid extractor apparatus. 
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	 About 100 mL of ethyl ether were transferred to the re-
boilers, next to the cellulose cartridge containing each sample, 
for lipid extraction by direct boiling for 1h and 30min, followed 
by solvent recovery. The reboilers containing the extracted lip-
ids were then dried at 105 °C for 4 hours and then weighed. It 
may be noted that the obtained residue does not consist solely of 
lipids, but of various components, which, under the used experi-
mental conditions, can be extracted with ethyl ether. These other 
components, however, do not represent a significant difference 
in the determinations, as indicated in the methods of ANVISA 
[45].

	 The lipid content was calculated using the following 
formula:
	 Lipid content (%) = 100 x (Rf - Ri) / m1

	 Where, Rf = mass of reboiler with extracted lipids in 
grams; Ri = initial mass of reboiler without any sample therein 
mass in grams and m1 = mass of wet sample in grams.

Reboilers are heat exchangers typically used to provide heat to the bottom of distillation columns. They boil the 

liquid from the bottom of a distillation column to generate vapors which are returned to the column to drive 

the distillation separation. 

Figure 1: Photograph of Reboiler

	 Protein content was determined from the nitrogen 
determination following the Kjeldahl method. Total nitrogen 
was determined by digesting the organic matter, then distil 
and titrate following the official method number 9 91.20 of the 
Association of official analytical chemists [45]. The method used 
briefly is as follows: 0.5 g of sample and 0.5 g of catalyst (sodium 
selenite, sodium sulfate) were taken in specific tubes, weighed 
(in triplicate). Then 5 mL of sulfuric acid PA was added to the 
mixture. These tubes containing the above mixtures were taken 
to a digester block where the organic matter in the sample was 
decomposed and the nitrogen was transformed into ammoniacal 
salt by gradual heating to 350 °C as observed with the change 
of sample color from dark to light green. The material was the 
distilled using a Tecnal nitrogen distiller, TE 036/1, where 40 
sodium hydroxide was added until the change in color took 
place. This suggested release of ammonia from the ammoniacal 
salt. Then the sample was transferred to a 125 mL erlenmeyer 
flask containing a solution of 5% boric acid solution (mixed 
indicator). The amount of nitrogen present in the sample, was 
treated with 0.1 mol/L hydrochloric acid, using an automatic 
VitLab burette. The protein content was then calculated using 
the formula given below:
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	 Protein Content (%) = V x 0.14 x fc x 6.25/m1

	 Where, V = value in mL of 0.1 mol/L hydrochloric acid 
used in the titration; fc = 0.1 mol/L hydrochloric acid correction 
factor and m1 = sample mass in grams. 

	 It may be noted that based on the assumptions that 
most proteins contain 16 of nitrogen of the total 100 digestible, 
and that negligible amounts of non-protein nitrogen are pres-
ent in foods, the conversion factor of 6.25 was used in the above 
equation following the official method of Association of official 
analytics l chemists, number 991.20 [45].
	
	 The amount of total fibers present in the sample was 
determined by the usual method for food by the modified en-
zymatic-gravimetric method following Chemical and Physical 
Methods methodology for food analysis according to the Ana-
lytical Norms of the Instituto Adolfo Luz [45]. It may be noted 
that the term dietary fiber, was proposed by Hipsely and defined 
by Trowell as the components of plant cell walls included in the 
human diet that resist the actions of secretions from the intes-
tinal tract [48]. For this purpose, about 1 g of each sample was 
weighed, in duplicate, in a 250 mL Erlenmeyer flask and dilut-
ed in 50 mL of phosphate buffer. The digestion of the samples 
was carried out by incubating it in a Dubnoff water bath (Nova 
Técnica, NT 232) with three different enzymes, sequentially, first 
incubation with α amylase at 100 °C for 30 min, followed by the 
next incubation with protease at 60 °C for 30 min and finally 
with amyloglucosidase at 60 °C for 30 min. After the incubation 
period, the fibers were precipitated by the addition of ethyl alco-
hol at 60 °C, followed by keeping the samples at this temperature 
for 60 minutes. After precipitation, the fibers were filtered using 
the Marconi Vacuum Pump, in previously prepared crucibles 
containing celite (silica-based reagent, used to reduce filtration 
losses). This was then kept in a hot air oven maintained at 105 
°C for 12 hours, or until constant weight was observed, which 
was then cooled and weighed. Then fiber content was calculated 
using the following equation:
	 CAD = (Cf - Ci) x100/m1

	 Where, Cf is Crucible after filtration and kept in an 
oven in grams; Ci is Crucible previously prepared with celite in 
grams and m1 = mass of the wet sample in grams 
	 Total dietary fiber (%) = CAD 1 + CAD 2 /2 -Ashes 
-Proteins

	 Where, CAD 1 = One of the crucibles of the duplicate; 
CAD 2 = Another crucible of the duplicate.

	 It may be noted amount of fiber determined was based 
on wet weight basis with moisture content of about 97 % in the 
material. It may also be possible that some soluble compounds 
present in the nanocelluloses-water suspension due to the sugars 
and hemicelluloses that exist in the pristine lignocellulosic ma-

terial (sheath of heart of peach palm). The analysis of sugars was 
performed by Fehling method according to the methodology of 
the Adolfo Lutz Institute [47].

	 Carbohydrate content: Carbohydrate content was esti-
mated by the method of differences following the methodolo-
gy used by Silva et al [49]. For the calculation, determination of 
the following five components (all in %) were added: moisture, 
lipids, protein dietary fiber (%) and ash content. This sum was 
subtracted from the total (100%) and the result represents the 
content of fiber in %. This sum was subtracted from the total 
(100%) and the result represents the carbohydrate content of the 
product. 

	 Total Calorific Value: The total caloric value (TCV) of 
a food sample was calculated from the proximate composition 
data, according to RDC nº 360 of the Ministry of Health [50]. 
The calculation used the conversion factors of 4 kcal/g for car-
bohydrates and proteins and 9 kcal/g for lipids, and expressed in 
kcal/g and expressed in kcal/g following the equation: 

	 VCT (Kcal/100g) = (protein x 4) + (carbohydrates x 4) 
+ (lipids x 9).

	 Sample preparation was performed by total acid hydrolysis 
(H2SO4 12M) – hydrolysate coming from the same procedure 
to determine Klason lignin - of the previously dried biomass in 
stoves at 60 °C and vacuum dried for nanocellulose suspension. 
The carbohydrate content of the hydrolysates was quantified by 
ion exchange chromatography. The separation was done on Car-
boPac PA 20 column (4 mm x 250 mm, 5 μL looping, flow rate 
0.5 mL Min-1 and temperature 30 °C). The quantification of sug-
ars was performed by an external calibration curve. 

	 2.2.5. Toxicity test of nanocellulose fibrils of heart-of-peach 
palm

	 The toxicity of new materials including nanofibrils using 
small crustaceous is normally the first one to be done as this is 
an indicative test from the environmental point of view [32-34]. 
It may be noted that a preliminary evaluation of the toxicity of 
nanofibrils of peach palm was carried out against Artemia salina 
shown in Figure 2. The use of this micro-crustacean as a toxicity 
indicator following the well-known method made it possible to 
carry out the experiment quickly, without major difficulties in 
handling, in addition to the low economic cost and ease of being 
found commercially. The animal experiments were performed in 
compliance with the appropriate laws and institutional guidelines. 
The toxicity test analyzed the effect of different concentrations of 
nanofibrils at times of 24, 48 and 72 hours. 
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	 The procedure followed is as follows: First, the cysts were 
put in commercial saline solution (Salinity - Aqua Vitro) at a 
concentration of 35 g/L at 27 °C and vibrated at 250 rpm for 24 
hours in an incubator. Then, the samples containing 10 animals 
with nanocellulose gel of varying concentrations (from 30 g/L to 
110 g/L) were placed in separate glass tubes. The animals were 
observed after 24, 48 and 72 h under a Leica L2 stereoscopic 
magnifying glass. A blank sample was used as control, consisting 
of tubes with animals in saline solution, without addition of 
nanocellulose fibrils. This test was also performed in triplicate.

Results and Discussions

Morphology and Dimensions of Nanofibrils

	 Figure 3 (a) shows the macrophotograph of the gel 
containing cellulose nanofibrils from peach palm obtained, 
while Figures 3 (b) & (c) are the scanning and transmission 
electron micrographs, respectively. It was not possible to measure 

the thickness of the fibrils from SEM images shown in Figure 
3b, since the fibrils have high surface energy, causing them to 
agglomerate into a thin film, thus hindering any measurement. 
On the other hand, TEM images shown in Figure 3(c) shows 
visually observable individual fibrils. The diameter (thickness) 
of the nano fibrils was found to be in the nano range (~ 10-9m). 
Some fibrils showed slightly larger thickness than expected, 
which could be due to the joining of several nano fibrils, making 
them appear to be larger fibrils. However, the average diameter 
(thickness) as measured from Figure 3(c) was found to be in the 
range of 20-160 nm, which is in the range of diameter reported 
earlier as mentioned above [51] and also for nanocellulose fibers 
from various lignocellulosic materials reported elsewhere [52]. 

Figure 2: Photograph of Artemia salina used for Toxicity Tests

Figure 3: Photographs of Nanofibrils of Peach Palm: (a) - suspension gel; (b) - SEM Photograph; (c) - TEM micrograph
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	 A recent study on the preparation of nanocellulose from 
this palm by the mechanical defibrillation process and its 
characterization has also similar observations wherein, stable 
and homogeneous colloidal suspensions having a gel-like 
appearance without any phase separation during storage [24].

	 The observations made in the present study are similar 
to those reported earlier in nanofibrillated cellulose extracted 
from yacon plant stems which had similar appearance and size 
(diameter) of fibers reported for differnt lignocellulosic materials 
[51]. Using mechanical defibrillation in a colloidal grinder, these 
authors have observed suspension of NFCs exhibiting a gel-
like viscous appearance with a non-phase separation during 
storage. A yield of 92.7% of fibers with individual fibers was 
obtained by this method of processing with a highly branched 
and interwoven structure and the fibers having 5 to 60 nm dia, 
which was very smaller than their lengths. Similar observations 
in respect of the surfcace morphology of nanocellular fibrils 
from peach palm plant and their size having their diameters 
much smaller than their lengths are reported in a recent study 
[24]. According to these authors high aspect ratio (diameter/
length) of the nanocellulose fibrils occurs due to used processing 
method promoting the release of fibrils that were interlaced in 
the original matrix (cellulose) due to the rotational forces as 

reported earlier by [53]. Furthermore, according to these authors 
[24] the hierarchical structure of cellulose formed by elementary 
fibrils is due to formation of microfibrils in aggregation, which 
are reflected in a spiral format, forming a multi-layer composite, 
viz., the cellulose fiber [54].

Chemical Analysis of heart-of-peach palm and its 
nanocellulose fibrils 

	 Table 1 shows the chemical composition of heart-of-peach 
palm before (prestine) and after bleaching and microfibrillation. 
This biomass is formed mainly by carbohydrates, ie., holocellulose 
(60%), which is the sum of cellulose and hemicellulose and is 
calculated by the difference to 100 after the sum of extractives, 
ash, and total lignin content. The second major compounds 
are acid insoluble Klason lignin and extractives with the same 
content value. Hemicellulose content is just above 3%. 

	 The bleaching decreased the amount of acid insoluble 
lignin and ash content but did not remove them completely 
moreover, the soluble lignin slightly increased. On the contrary, 
this treatment was effective in the removal of extractives by 
decreasing them more than 13-fold. Consequently, the content 
of carbohydrates increased above 90%. 

pristine After bleaching and micro 
fibrillation

Constituent % %
Extractives 22.2 ± 0.3 1.64 ± 0.06
Klason Lignin 9.6 ± 0.1 3.0 ± 0.0
Soluble Lignin  1.8 ± 0.1 2.5± 0.1
Ash content  6.4 ± 0.1 2.4± 0.2
Hollocellulose* 60.0 90.5

*by difference to 100%

Table 1: Composition of the Sheath of Heart-of-Peach Palm residue before and after bleaching using 
total acid hydrolysis

	 The results mentioned in the above table regarding the 
chemical constituents are quite different from those reported 
earlier [24] where in reported values for the external sheaths 
of the palm peach samples are different as shown here: Ash 
—>4.30 ± 0.02, Cellulose —> 34.23 ± 0.39; Hemicellulose —> 
21.29 ± 0.17d; Lignin —> 19.48± 0.40a; Extractives —>39.82 ± 
0.07. This may be due to the samples used in this study is quite 
different from the one used in the present study. Another reason 
as mentioned in that publication could be that such variation in 

the chemical composition of any plant based materials cannot 
be defined only by the species. Besides one should consider such 
variation also depends on the age of the plant, conditions of its 
cultivation, which include geographic location, climate and soil 
[55]. 

	 Table 2 shows the values of various chemical constituents 
of the cellulose nanofibrils obtained from peach palm residue. 
The moisture content of the bleached micro fibrillated biomass 
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was used to calculate the consistence of the nanocellulose gel 
obtained, that is 2.38%, which is very high value, since the nano-
fibrillated cellulose retain a great amount of water forming a gel 
like suspension. 

Pristine After bleaching and fibrillation
Constituent % %
Moisture 84.9 ± 0.9 97.62 ± 0.03
Total Fibers 72.0 ± 0.1 75.1 ± 0.1
Total Nitrogen  3.4 ± 0.1  1.6 ± 0.1
Lipids N.D. N.D.
Monomeric sugars - N.D.

N.D. Not Detected.

Table 2: Composition of the Sheath of Heart-of-Peach Palm before and after the bleaching and producing nanofibrils using 
enzymes digestion and Kjeldahl distillation

	 The next highest amount was that of total fiber, about 
2.21 g/100g that came from cellulose and hemicellulose. Lipid 
was not detected in the biomass; and, as expected, the nitrogen 
diminished after the treatment of the biomass. Values of other 
constituents were as expected, since except for the cellulose, 
most of the constituents normally form the part of bleached 
lignocellulosic materials.

	 Investigation of the liquid after fibrillation process of the 
bleached cellulose through Fehling analysis revealed that there 
were no reducing sugars. Therefore, the mechanical fibrillation 
process does not convert cellulose or hemicelluloses into small 
sugars units.

	 The sugar composition of the shell of peach palm (Table 
3) after total acid hydrolysis did not correspond to holocellulose 
calculated by difference in Table 1. First, the carbohydrates should 
result in 10% plus monomeric sugars due to hydroxyls groups 
introduced after hydrolysis. For the pristine biomass, this balance 

is almost perfect except for experimental error measurements. 
However, for the bleached and micro fibrillated biomass the 
huge difference cannot be attributed just for experimental 
errors, but for artifact of the methodology used to hydrolyze 
the carbohydrates. Probably, these treatments could interfere 
somehow in the macromolecule arrangement facilitating the 
acid hydrolysis and consequently leading reactions toward 
breaking of the sugars into small molecules such as formic and 
acetic acids. The column of the ionic chromatograph cannot 
detect these small acid molecules. The used technique is specific 
for monomeric sugars.

	 The bleaching followed by micro fibrillation caused 
a small decrease in the content of xylose and arabinose sugars 
(Table 3); therefore, A relative increase in the glucose content 
was measured in this study. However, reducing sugars were not 
detected in the nanofibrils. These may suggest that small amount 
of hemicellulose (glucomannan and arabinan polysaccharides) 
went into the cellulose gel. 
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Toxicity of nanofibrils in Artemia salina

	 Figure 4 shows the results of toxicity tests of nanofibrils as 
plots of mortality of rats (in %) as a function of concentrations 
of gel in the saline solution after 24, 48 and 72 h. The continuous 
lines are just for guidelines. The standard deviations are shown 
for each measurement. It should be noted that all the results are 
shown with standard deviations, which makes the results statisti-
cally acceptable. It can be seen that practically all the Artemia sa-
lina survived at all the concentrations (30-110 g/L) for 24 hours, 

Pristine Bleached + Micro
fibrillated

Sugars after total acid 
hydrolysis

Average (mg/g) ± SD 
(CV (%))

Relative enrichment Average (mg/g) ± SD 
(CV (%))

Relative enrichment

Arabinose 31.0 ± 0.8 (2.7) 5.0  22.3 ± 0.5 (2.2) 4.0
Galactose 37.0 ± 1.3 (3.4) 6.0  30.1 ± 0.7 (2.4) 5.5
Glucose 335.5 ± 1.3 (0.4) 54.5 363.0 ± 1.3 (0.4) 65.9
Xylose 202.8 ± 2.3 (1.2) 33.0 128.4 ± 0.4 (0.3) 23.3
Mannose 9.1 ± 0.5 (5.8) 1.5   7.0 ± 0.9 (12.2) 1.3

Total (%) 61.4 100 55.1 100

Table 3: Average of the sugar contents (with standard deviation (SD) and coefficient of variation (CV (%)) of the hy-
drolysate after total acid hydrolysis of the biomass before and after bleaching and micro fibrillation

except for the highest one, where 90% of the animals survived. 
When statistically analyzed, it resulted in a p value < 0.0001 only 
when comparing the concentration of 110g/L with the others, 
showing that only this one presents a significant difference. In 
this case, probably, the high density of the medium (110 g/L of 
the solution with 0.01 consistency) ended up masking the results, 
making it difficult to read the amount of animals present. 

Figure 4: Plots of Artemia salina mortality (in %) Vs. Concentrations of gel with nanofibrils in the saline solution showing toxicity of 
nanofibrils after 24, 48 and 72 h. The continuous lines are just for guidance. The standard deviations are shown for each measurement
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	 On the other hand, a gradual increase in mortality was ob-
served after 48 hours, with concentration of nanofibrils from 
70 g/L onwards (Figure 4) justifying the decreasing trend in the 
graph from this concentration; while after 72 hours there was 
no further increase in mortality with the increasing concentra-
tion of nanofibrils. The lack of higher mortality could be due to 
the higher consistency of the medium (110 g/L of the solution), 
which might have masked the results, thus hindering counting 
the number of living animals.

	 Above results indicate that at small concentrations, such as 
30, 40 and up to 50 g/L of the solution, the material produced 
does not present toxic effects on the micro-crustacean, but rath-
er, probably serves as a source of nutrients, ensuring their surviv-
al. However, if added in large concentrations, it ends up causing 
a drastic increase in the density of the medium, which possibly 
should interfere with basic movements and, consequently, with 
the animal’s metabolism. Studies using brine shrimp in toxico-
logical tests have been carried out by researchers around the 
world through effluent analysis, mining residue of charcoal [56], 
phytochemical study with fungi [57] and also on toxic substances 
in food [58]. Several of these and other studies prove the toxic or 
non-toxic action of several natural substances to the crustacean 
Artemia sp. However, as verified in the tests above, the peach 
palm nanofibrils, when offered in low concentrations, brought 
benefits to the animal, serving as a source of resources.
The results of the toxicity test against Artemia salina served as 
the basis for the biological assays with rats.

	 For each of the time intervals mentioned above, one 
blank test was also conducted without the addition of the nano-
fibril gel. All the animals kept in the blank tube survived in both 
the 24 and 48 hour tests, while about 83% of them died after 72 
hours and this result was significantly different from the values ​​
found in the different concentrations. This suggests that with low 
concentrations (30, 40 and 50 g/L of the suspension), the materi-
al prepared does not harm the animals. 

	 Furthermore, nanocellulose suspension may provide 
source of food for the Artemia since they cannot survive in sa-
line water for longer than 72 h, but they can after addition of 
nanocellulose. The micro crustaceous could be fed by the small 
molecules of polysaccharides (galactomannan and arabinan) in 
suspension in the nanocellulose gel or even from the cellulose 
nanofibrils.

	 However, with the increase in concentration, the con-
sistency and viscosity increases, and salinity of the medium de-
creases drastically. This would interfere in the flutter movement 
and consequently in the metabolism of the Artemia. In addition, 
the observed mortality when gel of nano cellulose was added in 
excess may be related to the dilution of the saline solution with 
increasing content of distilled water in the nanocellulose gel.
It may be noted that observed higher mortality when nano cellu-
lose was not added, for time span less than 72h may be related to 
the dilution of the salt with increasing content of nano cellulose 
suspension (distilled water). 

Conclusions

•	 It was possible to produce cellulose nanofibrils from heart-
of-peach palm residue using mechanical fibrillation technique of 
bleached cellulose pulp.
•	 TEM analysis confirmed that the obtained this cellulose had 
nanostructure with average diameter in the range of 20-160 nm. 
•	 Chemical analysis of these fibril suspensions showed about 
97.8 g/100g of moisture and 2.2 g/100g of total fiber present in 
residual amounts. This high moisture content could be due to 
retention of a great amount of water, which resulted in a gel like 
suspension. 
•	 The gel of cellulose nanofibrils showed consistency of about 
2.4 %, 1.6 % of total nitrogen, and were not detected lipids or 
monomeric sugars in the gel.
•	 Toxicity tests of the fibrils on Artemia salina indicated no 
toxicity at concentrations up to 50 g/L of the suspensions of 
nanofibrils. 
•	 It is hoped these results will prompt the search for other 
sources to prepare non-toxicity nanomaterials from waste and 
by-products.
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