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Abstract

Pineapple crowns are agro-industrial waste generated
in high proportions, about 12.0 tons per day in the
municipality of Huimanguillo, Tabasco State of
Mexico, as a part of the processing process of
pineapple fruit pulp. Crown pineapple fibers contain
a substantial amount of cellulose that could be
extracted and separated from other compounds,
which are mainly lignin and hemicellulose. Thus,
pineapple agro-industrial waste represents a plant ]
source of biomass with a valuable commercial e
alternative to obtain cellulose, as reinforcement

fibers for biocomposites and paper. The aim of this

study was the extraction and characterization of

cellulose
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cellulose from the pineapple (Ananas comosus L.
Merrill) crowns. The process included methods, such
as acid hydrolysis, chlorination, alkaline extraction
and bleaching. The final product of cellulose had a
yield of 11 %= 3%. FTIR interferogramas (Fig.)
confirmed an efficiently dissolution of the
amorphous regions (lignin and hemicellulose) after
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the chemical treatments. X-ray analysis revealed
43.05 + 2% crystallinity of cellulose and a crystal
sizeof 21.6 + 4 A.

Introduction

In the food production process, in addition to the desired final product, by-products waste and non-standard products
are generated, each of which can be used for human or animal consumption and industrial application, which would
bring economic benefits [1]. These agro-products constitute a serious waste problem in much of the world, due to two
main factors: (1) An increase in quantity and, (2) the emergence of stricter environmental laws [2]. For example,
published official data which stated that in Mexico in 2006 there were 75.73 million tons of dry matters from 20
crops, of which 60.13 million tons were primary waste [3]. The remaining 15.60 million tons were secondary waste
obtained from post-harvest processing. Most of the agricultural industries not have any plans for such waste, due to
the high cost of reuse and instead, place them with the trash in landfill [4]. In Tabasco state, in the municipality of
Huimanguillo, where pineapple processing industry FREXPORT SA de CV is located, only about 40% of the total
mass of this fruit is used for its pulp production, and 60% of the plant are wastes. Discarded crowns generate about 12
tons per day of waste that ends up in landfill and only 5% of them are used by farmers to fertilize plantations [5].

The fibrous plants are composed mainly of cellulose, hemicellulose and lignin [6]. The lignocellulosic materials,
especially agro-industrial residues, are important as reinforcement products for building construction material
industry, in terms of environmental preferences of the modern society [7]. Biodegradable characteristics of the agro-
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industrial wastes contribute significantly to mitigate the impacts of consumerism and promote sustainable
development model.

Cellulose is the most abundant natural polymer on earth and due to its inherent rigidity has emerged as an

important source to obtain useful particles and fibers as reinforcement of thermoplastics [8]. In this sense, it is
necessary to study a suitable mechanism for extraction of cellulose fibers from pineapple crowns, followed by
adequate characterization of them, for their future proper application. In this way, it could be created a value-added
product from a plant source of biomass, presenting a valuable commercial alternative for the agro-industry [9-11].
The cellulose fibers have been widely used as biodegradable loads, because they do not damage the environment and
besides, they have also techno-economic advantages. For example, the cellulose fibers are used in the automotive
industry, considered an alternative replacement of fiberglass, known as traditional synthetic fibers for reinforcement
of thermoplastics, which create many environmental problems.

The incorporation of extracted plant cellulose fibers as components in the formation of a new material has
resulted in a large topic of research, which fact is attributed to the high compatibility between these polysaccharides
as an effect of reinforcing the polymer matrix [12]. Nowadays, the emphasized increase of the use of natural cellulose
fibers show their advantage of being biodegradable, requiring low energy input for production, being less abrasive
and having low density, and high specific strength [13].

The aim of this study is the extraction and characterization of cellulose from the agricultural waste pineapple
(Ananas comosus L. Merrill) crowns, constituting a fibrous fraction plant. This residual source is rich in cellulose,
which could be use as reinforcing component in biomaterials.

Experimental

Material and Reagents

Pineapple crowns were collected from trucks waste from FREXPORT S.A. de C.V. industry, located in
Huimanguillo, Tabasco. Crowns were dried for subsequent treatments, performed in the laboratory of Polymeric
Materials of the Popular University of Chontalpa.

Pretreatment

Pineapple crowns were cut to a length of 20 cm, with four longitudinal cuts, and the solution of 10% NaOH
penetrated perfectly into the samples: they were kept in this solution for 20 min when the boiling point was reached.
After removing pineapple crowns from the solution, they were allowed to cool and washed with running water, then
manually shredded. The fibers were cut into 2 cm long and dried in an oven at a temperature of 60°C for 12 hours.

Cellulose extraction

Cellulose extraction was carried out using the pulping technique of Cazaurang modified method [14], consisting of
four steps: (1) mild acid hydrolysis with 0.4% H,SO,4 for 1 h, and subsequent washing; (2) chlorination with 3.5%
NaClQ, stirring the solution in a water bath at 30°C to pH 9.2 and then, washing with distilled water until neutral pH;
(3) alkaline extraction with 20% NaOH under stirring for 1 h, followed by a washing process; (4) bleaching with a
solution of 0.5% NaCIO, continuous stirring for 1 hour and a final wash to neutral pH. The obtained material was
manually shredded and placed in aluminum pan for one day at room temperature, and after that in an oven for 24 h at
60°C. The final product was weighed to determine the yield.

Fourier Transform Infrared Spectroscopy (FTIR)

The characterization of the functional groups, present in the composition of the dried samples of pineapple crowns
and the extracted cellulose from them, was carried out using the Fourier transform infrared spectroscopy (FTIR).
FTIR Nicolet Magna 460 Protegé was used in the absorbance mode, with a resolution of 4 cm™ and 100 scans. The
tablets were made with 1 mg sample in 100 mg of KBr.

X-ray Diffraction (XRD)

The X-ray diffraction patterns of pineapple crowns samples and extracted cellulose from them were registered with
Siemens D 5000 Diffractometer, using CuK radiation (A = 1.5418 A) at a 34 kV and a current of 25 mA, in a 20
angular range, between 10 and 30 degrees, making measurements every 0.04° for 6 s. The percentage of crystallinity
of cellulose (Xc %) was calculated, according to Segal equation [15]:
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X.%=(1-1,/I,)X 100 1)

where: 11 is the minimum peak intensity in the XRD patterns and I, the crystalline peak intensity, respectively.
The crystal size (t) was calculated with the equation proposed by Scherrer [16]:

t = KA/BECo=8
/ @

where: A is the wavelength of the radiation (ACu), B is the width at half height of the diffraction peak of the sample,
and K is the dimension less form factor which has a typical value of about 0.9, but varies with the actual shape of the
crystallites.

Scanning Electron Microscope (SEM-EDX)

Scanning electron microscope, JEOL JSM 610 LA model, was used to observe the surface morphology of the isolated
cellulose fibers from pineapple crowns. EDX analysis revealed the main elements as a part of the cellulose after its
extraction of crown pineapple plant.

Results and Discussion

Fiber yield

The extracted cellulose fibers from pineapple crowns showed an average of 11.0 + 4.0% of yield, as a final dried
product.

Fourier transforms infrared spectroscopy (FTIR) analysis

The FTIR spectrum of untreated samples of pineapple crown, presenting a variety of peaks, is shown in Figure 1. For
example, the peak at 3406 cm™ corresponds to the free O-H stretching vibration of the OH groups in cellulose
molecules [17, 18]. The peaks observed at 2916 cm™ and 1622 cm* are associated with the stretching vibrations of C-
H and O-H groups, respectively [19]. The peak at 1622 cm™ is reported also to be corresponding to the OH groups
and methyl and methylene [20].
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Figure 1 FTIR spectrum of pineapple crowns

The peak at 1738 cm™ was attributed to C=0 stretching of the acetyl and uronic ester groups of hemicellulose or of
the ester linkage of carboxylic groups of ferulic and p-coumaric acid of lignin [21]. In the spectrum curve could be
observed the C-OH peak at 1340 cm™ corresponding to holocellulose [22]. The peak at 1240 cm™ is characteristic for
aromatic esters OH (syringyl lignin type), associated with the vibration of the link Caril 3-O-O-4 and methoxy groups
[20]. The last bands in the FTIR spectra of the untreated plant fibers, considered as most important, those at 1050 cm
Land at 892 cm™, were are assigned to C-O-C vibration of pyranose ring and to the glycosidic linkages between
glucose units in cellulose, respectively [21].
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Figure 2 FTIR spectrum of extracted cellulose from pineapple crowns

The FTIR spectrum of extracted cellulose from pineapple crowns is shown in Figure 2. The intense and broad band at
3446 cm® corresponds to the stretching vibration of the OH groups in cellulose molecules [17], while the peak at
2915 cm'* to the stretch of aliphatic alkyl compounds HCH. A peak at 1640 cm™ is attributed to the absorbed water by
fibers (fibers-OH) and a skeleton pyranose peak at 1370 cm™ is characteristic of cellulose [6]. The peak of 1060 cm™
was assigned to C-aril-O [20] link, and the peak at 893 cm™ corresponds to aromatic hydrogens [6]. It should be noted
than the peak of 1740 cm™ was not observed, probably due to the efficient remove of the hemicellulose with the
alkaline extraction. Besides, the peak at 1240 cm™, corresponding to the type lignin syringyl, was not observed, and
probably the lignin was removed by the acid hydrolysis process to which the cellulose fibers were submitted. The
observed deformation of the primary alcohol C-O stretching at 1050 cm™ peak corresponds to cellulose [23, 18, and
24]; this peak is also associated with the deformation in the plane C-H type guaiacyl aromatic [20]. It is reported that
the cellulose is composed primarily of OH, HCH and COC containing compounds, such as acid-methanol, aliphatic
alkyl and aryl-alkyl own cellulose ether [6], compounds that were detected according to the peaks in FTIR spectrum
of the extracted cellulose from pineapple crowns (Figure 2).

X-ray diffraction (XRD) analysis

The diffraction patterns of untreated samples of pineapple crowns and extracted cellulose from them are shown in
Figure 3 and Figure 4, respectively. It can be observed that the pineapple crowns (Figure 3) have well pronounced
crystalline peaks: one near 20 = 21.8° characteristic of the cellulose, and the peaks at 20 = 12.6° and 34.6°,
corresponding to the structure of cellulose I, commonly found in the natural vegetable fibers [25, 26, 27]. These facts
are due to the hydrogen bonding and van der Waals interactions, existing between adjacent cellulose molecules,
compared to hemicellulose and lignin, which are amorphous in nature.
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Figure 3 X-ray diffraction patterns of pineapple crowns

20.6°
2000 "‘1 Cellulose
. 218
- 1
. rd
2 v
© |
2 |
9 1000 4 ‘
: |
3 1?'6 | 34.4
c \ .
-— 1 7 |
¥ L '
[ N h i S
- M —
0 = T T T T 1
10 20 30 40 50
20

Figure 4 X-ray diffraction patterns of extracted cellulose fibers

The X-ray diffraction patterns of the extracted cellulose fiber from pineapple crowns (Figure 4) showed that the
relative intensities of the cellulose peaks are higher compared to those in Figure 3. This fact indicates that was an
efficient removal of noncellulosic polysaccharides and dissolution of amorphous zones after the chemical treatments
of the fibers [28]. As a result, the crystallinity index (Table 1) of the extracted cellulose fibers increased (43.05%) and
their crystal size diminished (2.3 nm), compared to those of untreated pineapple crowns (Table 1).

Table 1 Crystallinity index and crystal size of pineapple crowns and extracted cellulose fibers

Samples Pineapple crowns Extracted cellulose
Crystallinity index (%)  39.6 43.05 +1.5
Crystal size (nm) 5.1 2.3 +0.48

The increase of the cellulose extracted fibers crystallinity index indicates the removal of amorphous cellulose and
other amorphous residues [29], after the acid hydrolysis treatment in our experiments. It has been reported that the
crystal size of cellulose may be increased or decreased, depending on the effect of several factors, such as the source
of the cellulose, method of its extraction and pumping treatments. The obtained cellulose in this study could be

considered having a monoclinic form, corresponding to type | cellulose X-ray patterns, specifically cellulose-1p,
commonly found in plant tissues [27].
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Scanning electron microscopy (SEM-EDX) analysis

SEM images (Figure 5) showed that the cellulose fibers extracted from pineapple crowns have diameter average
approximately 1.71 + 3.90 pc. Elemental analyses SEM-EDX revealed that the extracted cellulose fibers contain as
main chemical elements carbon (C) and oxygen (O). Traces of chlorine (Cl), residues of bleaching and chlorination
steps, were detected, and calcium (Ca) probably originated from the washing water.
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Figure 5 Micrograph (SEM) showing the diameters of the cellulose fibers extracted from pineapple crowns

Conclusions

Cellulose fibers were extracted from pineapple crowns after chemical treatment in several steps, using Cazaurang
modified method. The procedures permitted a yield of 11.0 = 4.0% of cellulose. Patterns of X-ray diffraction showed
an increased intensity of the crystallinity peaks of the extracted cellulose, probably due to the efficient dissolution of
the amorphous regions after the acid treatments. The infrared analysis (FTIR) confirmed this fact, associated with the
disappearance of the typical bands of the removed hemicelluloses and lignin. The calculated crystallinity of the
extracted cellulose fibers was 43.05 +1.50% and their crystal size of 2.30+0.48 A, approximately. The obtained
cellulose could be considered having a monoclinic form, corresponding to type | cellulose X-ray patterns, specifically
cellulose-1pB stable monoclinic crystals, commonly found in plant tissues. SEM images showed that the cellulose
fibers extracted from pineapple crowns have diameter average approximately 1.71 £ 3.90 pc. The results of this study
could be considered promising for the use of the extracted cellulose fibers from plant waste as reinforcement in
biocomposites, paper production, among other uses.
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