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Abstract
In this study, microcrystalline cellulose (MCC) at an overall yield of 30.9% was prepared from Ficus natalensis bark cloth 
via acid hydrolysis. MCC exhibited a high crystallinity index of 75.8% and an initial thermal degradation temperature of 
314.6 °C. Morphological studies revealed fibrous rod-like particles of MCC with somewhat rough surfaces whose average 
length and diameter were approximately 90 ± 25 μm and 17.08 ± 3.3 μm, respectively. Thus, the thermally stable fibrous 
MCC prepared from this study expands the scope of applications for the barkcloth as fillers in biocomposites.

1 Introduction

Barkcloth is a natural biodegradable material made from the 
inner bark of Ficus natalensis—a famous tree which popu-
larly grows in most parts of Uganda and southern Africa. 
During harvesting, the inner bark is freely peeled from the 
trunk of Ficus natalensis and it takes about 8 months for 
the fresh bark to regenerate until the next harvest. Besides 
its application in making fashionable cultural outfits, recent 
studies have indicated that barkcloth exhibits a rich chemical 
composition with approximately 68.69% cellulose, 15.07% 
lignin and 15.24% hemicellulose (Rwawiire et al. 2017). 
Therefore, this study focuses on utilisation of the high cellu-
lose content in Ficus natalensis barkcloth to prepare micro-
crystalline cellulose whose global market is anticipated at 
USD 1.08 billion by 2020 due to its increasing demand in 
food and pharmaceutical industries (Nsor-Atindana et al. 
2017). Characterisation techniques such as scanning elec-
tron microscopy (SEM), Fourier transform infrared (FTIR), 

X-ray diffraction (XRD), and thermogravimetric analysis 
(TGA) were employed to examine the morphology, thermal 
and chemical properties of extracted microcrystalline cel-
lulose from the barkcloth.

2  Experimental procedures

2.1  Materials

Barkcloth from Ficus natalensis was provided by traditional 
manufacturers in Masaka—Uganda. Sodium hydroxide pel-
lets, hydrochloric acid (37% w/w) and hydrogen peroxide 
(30% w/v) were supplied from Tianjin Fuchen Chemicals 
Reagent Factory, Tianjin—China. Triton X-100 (t-Octyl-
phenoxypolyethoxyethanol) at a purity > 98% was purchased 
from Phygene Life Sciences Co. Ltd, Shanghai and was used 
as surfactant during scouring. All chemicals were of analyti-
cal grade and used without further purification.

2.2  Extraction of microcrystalline cellulose (MCC)

The desired amount of chopped barkcloth pieces from Ficus 
natalensis was treated with 1M NaOH at 95 °C for 3 h at a 
material to liquor ratio of 1:50. Fibres were then thoroughly 
washed in distilled water to pH 7, and no colour bleeding 
from the wet sample could be detected in water. The dry 
scoured fibres were subsequently bleached with 30 ml of 
30w/v% hydrogen peroxide in a solution of 0.25M NaOH at 
70 °C for 2 h, washed with distilled water to pH 7, then dried 
and stored at room temperature. Bleached barkcloth fibres 
were further cut into smaller chips, placed in a three-neck 
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round bottom flask and 2.5 N HCL was dropwise added at 
a material to liquor ratio of 1:25 under vigorous stirring 
with a constant speed (900 rpm) for 45 min at 90 °C. The 
hydrolysed microcrystalline cellulose was then cooled at 
room temperature and washed with distilled water to pH 
7. Centrifugation was performed at 3500 rpm for 5 min on 
the neutral MCC suspension to remove excess water. The 
supernatant was poured off, and the precipitate was later 
oven-dried at 60 °C for 12 h and weighed. The dried MCC 
was pulverised and stored as a white powder for analysis. 
Products at each stage are illustrated in electronic supple-
mentary material 1 (ESM 1).

3  Characterization of barkcloth and derived 
cellulose

The morphology of raw barkcloth (RB), scoured barkcloth 
fibres (SC), bleached barkcloth fibres (BL) and microcrystal-
line cellulose (MCC) powder was examined with scanning 
electron microscope (Quanta 250, Thermo Fisher Scientific, 
USA).

Infrared spectra were generated with  Nicolet® 6700 Fou-
rier Transform InfraRed (Thermo Fisher Scientific, USA), 
where fine powders of raw barkcloth fibres, scoured bark-
cloth fibres, bleached barkcloth fibres and microcrystalline 

cellulose were mixed with potassium bromide (KBr) prior 
to FTIR analysis.

X-ray diffraction analysis was performed using X-ray dif-
fractometer (Rigaku D/Max 2550/PC, Japan) with Cu-Kα 
radiation (λ = 1.54 Å) in a 2θ range of 5°–60° at a scanning 
speed of 1°min−1. The crystallinity indices of raw fibres, 
scoured fibres, bleached fibres and microcrystalline cellu-
lose samples were calculated based on the empirical method 
proposed by Segal et al. (1959).

Thermal stability of the samples was studied using a ther-
mogravimetric analyser [Perkins Elmer TGA400- (Thermo 
Fisher Scientific, USA)]. Approximately 5 mg of each sam-
ple were scanned from 30 to 600 °C at a heating rate of 20℃/
min under a nitrogen-controlled atmosphere.

4  Results and discussion

From the SEM micrograph in Fig.  1a, it was observed 
that the barkcloth is composed of individual fibers which 
are adhered into bundles. After bleaching, as depicted in 
Fig. 1b, bundles were dismantled leading to fiber exposure 
and separation.

Each bundle consists of numerous fibres oriented almost 
parallel to each other with somewhat rough surfaces. Fiber 
separation and surface roughness were probably due to the 
removal of adhering materials and other impurities like 

Fig. 1  a Raw/untreated barkcloth (RB) fibres, b bleached (BL) barkcloth fibres, c MCC, d X-ray diffractograms at various treatment stages, e 
FTIR spectra and f thermalgravimetric curves. Refer to ESM. 3, 4, 5 and 6 for more details
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extractives after the scouring and bleaching. Furthermore, 
microcrystalline cellulose in Fig. 1c showed fibrous rod-
like particles which varied in length between 20 and 240 µm 
with an average of 90 ± 25 µm. Their average diameter was 
17.08 ± 3.3 µm. Details of particle size distribution can also 
be accessed in ESM 2. The final yield of pulverised MCC 
compared to the original untreated sample was as low as 
30.2 ± 1.5%, which implied that the cellulose content in the 
barkcloth could be lower than earlier reported (Rwawiire 
et al. 2017).

While the major peaks identified in the RB spectra are 
summarized in ESM 7, findings from FTIR analysis in 
Fig. 1e showed that most amorphous components in the 
bark were removed during subsequent pretreatments since 
the peak at 1740 cm−1, related to COO– linkages of carbonyl 
groups prevalent in hemicellulose, almost disappeared after 
scouring, bleaching and hydrolysis. Additionally, the peak 
at 1520 cm−1, common to aromatic rings in lignin structure, 
was also eliminated from the pretreated samples. Moreover, 
the peaks at about 1150 cm−1 and 898 cm−1 are associated 
with β-1,4-glycosidic linkages in pyranose ring of cellulose 
(Pujiasih et al. 2018). The intensity of these peaks increased 
gradually after pretreatments of the barkcloth fibres at pro-
gressive steps probably because most impurities covering 
the cellulose microfibrils had been removed.

The X-ray diffraction patterns of the RB, SC, BL, and 
MCC are shown in Fig. 1d. The four central peaks observed 
in these diffractograms are representative of 1–10, 110, 200, 
and 004 crystallographic planes observed at 2θ = 14.91°, 
16.4°, 22.66° and 34.4°, respectively, typical of cellulose 
(Zhang et al. 2018). The crystallinity indices (CI) of RB, 
SC, BL, and MCC fibres were 34.3%, 69.7% 72.2% and 
75.8%, respectively. The gradual increase in CI at each sub-
sequent step was due to the significant reduction in parac-
rystalline (amorphous) components as demonstrated in the 
FTIR spectra. Most of such amorphous components were 
removed during scouring since the crystallinity index almost 
doubled after this stage from 34.3 to 69.7%. Additionally, 
acid hydrolysis partially digested β-1,4-glycosidic linkages 
in the amorphous regions of cellulose microfibrils thereby 
releasing individual crystallites which further contributed to 
the high crystallinity degree in MCC.

Thermograms of the analysed materials are presented in 
Fig. 1f, and a summary of mass losses, onset degradation 

temperatures  (Tonset) and maximum onset degradation 
temperatures  (Tmax) for significant mass regions and char 
residues during the thermal decomposition process is pre-
sented in Table 1. Initially, weight losses of less than 10% 
were observed in a temperature range of 30–120 °C due to 
absorbed moisture in the samples. After the weight loss due 
to the presence of moisture in the RB, SC and BL followed 
a one-step thermal degradation process with initial decom-
position temperatures of 240 °C, 351.8 °C and 312.1 °C, 
respectively. However, microcrystalline cellulose was ther-
mally degraded between 300–375 °C and 375–525 °C tem-
perature ranges. Moreover, char residues in raw barkcloth 
fibres were the highest due to the presence of a significant 
amount of flame retardant components (Mtibe et al. 2015). 
Therefore, the high thermal decomposition temperature in 
the range of 300–350 °C could make MCC from barkcloth 
fibres a potential filler in bio-composites.

5  Conclusion

MCC in the form of rods with approximately 90 ± 25 μm in 
length and an average diameter of 17.1 ± 3.3 μm was suc-
cessfully isolated from Ficus natalensis barkcloth. FTIR and 
SEM analyses revealed that most non-cellulosic components 
like hemicellulose and lignin were removed during prepa-
ration. Approximately 45% of the amorphous components 
were removed during scouring. The crystallinity index as 
studied from XRD results increased progressively at subse-
quent treatment stages. More notably, the degree of crystal-
linity after scouring increased twice as much as that of raw 
barkcloth fibres from 34.3 to 69.7%. MCC from Ficus natal-
ensis barkcloth had a higher crystallinity index of 75.8% 
compared to other studies on microcrystalline cellulose 
from bast and some wood species. The overall yield of MCC 
based on the raw material was as low as 30.2 ± 1.5% but had 
a high thermal decomposition temperature of 315 °C. Thus, 
microcrystalline cellulose from the barkcloth could act as an 
excellent filler in biocomposites.
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Table 1  Thermogravimetric 
parameters of thermal 
degradation temperatures for 
raw barkcloth (RB), scoured 
fibres (SC), bleached fibres 
(BL) and MCC

(30–120) (°C) (120–550) (°C) Residue mass

Mass loss (%) T1 (°C) Onset (°C) Mass loss (%) Tmax (°C) (%)

MCC 3.4 83.4 314.6 42.7 350.4 2.7
BL 2.8 77.2 312.1 58.6 384.5 19.7
SC 4.0 68.9 351.8 81.3 405.7 15.2
RB 5.8 62.1 240.3 58.1 372.6 32.3
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