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Introduction: Cellulose is a fibrous and natural carbohydrate polymer, found abundantly in plants, producing
about 50 billion tons annually. One of cellulose derivatives is microcrystalline cellulose (MCC), due to these
specifications, MCC is widely used in food and pharmaceutical industries as excipients, anti-caking agents,
emulsifiers, binders, disintegrating agents, dispersants, emulsion stabilizers, thermal stabilizers and carriers for
fast drying and tableting agents. In this study, MCC was prepared from dried Lucerne (alfalfa) waste fibers
(powdered to mesh 80), the pigments of which were already extracted as food colorants. This cheap and
renewable raw material was converted to MCC by conventional methods including dewaxing, de-lignification,
bleaching and acid hydrolysis. Commercial microcrystalline cellulose (Avicel PH-101) was used as reference
compound for comparative studies.

Materials and methods: In order to delignify, purify and separate alpha cellulose, 50 g of the above-mentioned
alfalfa waste powder (80-mesh) was treated with 500 ml of 17.5% NaOH (w/v) solution at a ratio of 1:20 and
stirred in beaker at 80 °C for 3 hours with continuous agitation. After filtering with a nylon filter cloth and then
rinsed with distilled water to remove impurities and finally a neutral pH was achieved. The yellow-colored
cellulosic residue was then dried at room temperature for 48 hours. The main components of the raw waste
cellulosic fibers and the produced MCC are listed in Table 1. For bleaching, the dry delignified compound was
treated with 15% sodium hypochlorite at a ratio of 1:20 at 80 °C for 90 minutes. Then the bleached fiber waste
powder (50.0 g) was treated with 250 ml of 2.5 M hydrochloric acid for 90 minutes at 80 °C. After hydrolysis,
the resulting microcrystalline cellulose was filtered and washed with distilled water until the pH of the effluent
reached 7.0. Then the resulting precipitate was dried at 60 °C and homogenized. 32.0 g of white
microcrystalline cellulose with 85% purity was obtained (64% vyield).

Results and discussion: For characterization of prepared MCC, first particle size analysis was achieved. The
results of the particle size analysis of the standard and the prepared MCC are shown in Fig. 1. The mean particle
size of the prepared sample is approximately 26 um with broad particle size distribution (1-110 um) and
cumulative particle size distribution of x10 = 3.87, x50 = 26.29, x90 = 59.17 and x99 = 109.60 um. From the
particle size distribution graph, it can be seen that the average particle size of prepared MCC is approximately
26 pum (Fig. 1. a) compared to the particle size of the commercial MCC that is 20 um (Fig. 1. b). Then, Fourier
Transform Infrared spectroscopy was carried out. The FT-IR spectra are illustrated in Fig. 2. This showed that
the infrared spectra of the prepared MCC (Fig. 2a) were similar to those of the infrared spectra of the
commercial MCC (Fig. 2b). The characteristic peaks related to cellulosic structure appeared at 666, 896, 1062,
1159, 1260, 1326, 1372, 1425 and 1643 cm—1. Thermogravimetric analysis (TGA) of the prepared MCC in
comparison to that of the commercial MCC is shown in Fig. 3. In the TGA curve of the prepared MCC (Fig 3a),
three main stages of weight change are observed. The first stage is in the temperature range of 53-93 °C, which
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is attributed to the evaporation of associated moisture (approximately 3.0%). The second degradation stage
started at temperature of 273-353 °C and the third at 403-533 °C, respectively. The maximum weight loss rate
was at 320 °C (75%), which can be attributed to the dehydration, decarboxylation, and depolymerization and
carbonization of the glycosidic bonds and finally the third step which is the ashing processes (20%). As it is
shown in Fig. 3b, TGA curve of the commercial MCC also has three steps of weight loss similar to the prepared
MCC. The first degradation stage occurred approximately at 45-85 °C (5.6%) which is attributed to evaporation
of water. The second degradation stage was at temperature range of 275 —355 °C (82.7%) and the third step at
405-515 °C (11.4%). To study the crystallinity of Lucerne (alfalfa) MCC, X-ray diffraction (XRD) analysis was
carried out. Fig. 4 shows the X-ray diffraction patterns of prepared MCC (Fig. 4a) and those of the commercial
MCC (Fig. 4b). Peaks were observed at around 26=14.9° and 22.2° for both samples corresponding to cellulose
| type structure. The peak intensity near 22.2° is the highest indicating high crystallinity in both MCC types and
attributed to the removal of amorphous compounds during acid hydrolysis. Furthermore, similar patterns of X-
ray diffraction demonstrated that hydrolysis did not change the cellulose structure of MCC, which was in
accordance with the results of FTIR analysis. Based on Segal equation (equation 1) and XRD patterns (Fig. 4),
and ignoring the contribution of amorphous cellulose in the intensity recorded at 26 = 18° and comparing the
ratio of the pure peak intensity of alfalfa MCC to the pure peak intensity of commercial MCC sample, the
relative crystallinity index of prepared alfalfa MCC was calculated 92%. Also by using Scherrer equation
(equation 2) the approximate crystallite size perpendicular to the 200 plane was calculated for both MCC. For
prepared MCC and commercial MCC the approximate crystallite size was 29.1 and 45.0 A respectively. Fig. 5
shows the SEM images of Lucerne (alfalfa) and the commercial MCC. The result of SEM analysis shows that
microcrystals of both MCC are similar, which is evidence for the synthesis of MCC in alfalfa biocomposite.
Based on SEM analysis, it can be seen that the shortening of fibers occurred and flack-shaped MCC with rough
surfaces was formed. The differences in MCC and the standard morphology may be due to differences in raw
material source and MCC preparation methods. In comparison, the commercial MCC exhibits a rough surface
with irregular morphology due to the chemical treatment during the delignification and bleaching process. The
prepared MCC has an irregular, agglomerated, and elongated morphology which resembles that of the
commercially available MCC used for food and pharmaceutical excipients applications.

Conclusions: In this study, microcrystalline cellulose was isolated from Lucerne (alfalfa) waste fibers using a
conventional procedure. The properties of alfalfa MCC were compared with those of the commercial type. The
results of MCC characterization indicate that it has cellulose type | crystalline structure. The powder was fine,
odorless, tasteless, and a little less white compared to reference, particle size distribution 26 pum, pH 6.88. The
results obtained from FT-IR analysis confirmed that the chemical structure of the cellulosic fragments is not
influenced by the acid hydrolysis. The temperature of thermal decomposition and its degree of crystallization
are slightly different from those of the commercial type. SEM analysis showed that microcrystals were
characterized by irregular and agglomerated morphology which resemble that of the commercially available
MCC. Overall, the properties of the prepared MCC are comparable to those of the commercial type, and can be
used as food additive.
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Fig 3. TGA analysis of alfalfa MCC (a) and commercial MCC (b)
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