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Abstract
Cellulose being an excellent biopolymer has cemented its place firmly in many industries as a coating material, textile,
composites, and biomaterial applications. In the present study, we have investigated the effect of biofield treatment on
physicochemical properties of cellulose and cellulose acetate. The cellulose and cellulose acetate were exposed to
biofield and further the chemical and thermal properties were investigated. X-ray diffraction study asserted that the
biofield treatment did affect the crystalline nature of cellulose. The percentage of crystallite size was found increased
significantly in treated cellulose by 159.83%, as compared to control sample. This showed that biofield treatment was
changing the crystalline nature of treated cellulose. However treated cellulose acetate showed a reduction in crystallite
size (-17.38%) as compared to control sample. Differential Scanning Calorimetry (DSC) of treated cellulose showed no
improvement in melting temperature as compared to control sample. Contrarily cellulose acetate showed significant
improvement in melting temperature peak at 351.91ºC as compared to control (344ºC) polymer. Moreover percentage
change in latent heat of fusion (∆H) was calculated from the DSC thermogram of both treated and control polymers.
A significant increase in percentage ∆H of both treated cellulose (59.09%) and cellulose acetate (105.79%) polymers
indicated that biofield treatment enhanced the thermal stability of the treated polymers. CHNSO analysis revealed
a significant change in percentage hydrogen and oxygen of treated cellulose (%H-17.77, %O-16.89) and cellulose
acetate (%H-5.67, %O-13.41). Though minimal change was observed in carbon percentage of both treated cellulose
(0.29%) and cellulose acetate (0.39%) polymers as compared to their respective control samples. Thermo gravimetric
analysis and Differential thermo gravimetric (TGA-DTG) analysis of treated cellulose acetate (353ºC) showed increased
maximum thermal decomposition temperature as compared to control polymer (351ºC). This showed the higher thermal
stability of the treated cellulose acetate polymer; although the maximum thermal decomposition temperature of treated
cellulose (248ºC) was decreased as compared to control cellulose (321ºC). These outcomes confirmed that biofield
treatment has changed the physicochemical properties of the cellulose polymers.

Keywords: Biofield treatment; Cellulose; Cellulose acetate; XRD;
DSC; TGA; CHNSO

Introduction
Polymer based materials; especially naturally occurring biopolymers
have been widely used as biomaterials for tissue engineering, artificial
skin, wound healing, sutures, tissue constructs, gene delivery, and drug
delivery [1]. Cellulose is one of the most abundant naturally occurring
biopolymer on earth [2-3]. Several naturally occurring fibers including
cotton; and higher plants contain cellulose as their main constituent
[4-5]. It consists of long chains of anhydro-D-glucopyranose units
(AGU); each cellulose molecule possesses three hydroxyl groups
per AGU, with an exception of terminal ends. Cellulose is insoluble
in water and in most commonly used organic solvents [3], the poor
solubility of cellulose is attributed to strong inter and intra-molecular
hydrogen bonding between the individual chains [2].
Cellulose based materials are being employed as components
of scaffolds for bone regeneration (Gengiflex®), artificial blood
vessel (BASYC®), temporary skin substitutes (Biofill®), hemodialysis
membranes (Cuprophan® and Fresenius Polysulfone®) and controlled
drug release systems [6-10]. In chronic wound dressing, it has provided
the moist environment for optimal wound healing due to its ability to
absorb water directly into its fibers (AQUACEL® and Cellstick® ) [11].
Recently, cellulose has been proposed to be used as a dialysis membrane
for bio artificial pancreas and immuno-isolation of islet transplantation
[12].
Cellulose acetate is the ester of cellulose, which is utilized in the
production of high-quality fiber mats. Cellulose acetate confers
excellent thermal and mechanical properties, which make it an excellent
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material for diverse applications in engineering, plastics, and biomaterials [13-15]. Ye et al. attempted to prove that the proper surface
modification of cellulose acetate can make it fascinating for biomaterial
applications [16]. Chemical modification of cellulose was performed to
improve processability and to produce cellulose derivatives (cellulosic),
which can be tailored to specific industrial applications [17].
Biofield is a cumulative effect, induced by particular human body
on external surroundings. Mr. Trivedi is well known to transform the
physical and structural properties at the atomic level of the various
living and non-living things through his unique biofield. We have
previously reported that Mr. Trivedi’s biofield, herein referred as
Biofield treatment, has significantly enhanced the structural, atomic
and thermal properties of transition metals, metal oxides, ceramics and
carbon allotropes [18-26].
It was observed that in various ceramic and metal powders, the
biofield exposure had substantially changed the lattice parameter,
unit cell volume, density, crystallite size and molecular weight. For
example, the biofield treatment had increased the particle size by 21.1%
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in zirconium oxide which was never been observed in case of ceramics
and it was postulated that biofield had caused deformation of the
crystals without activating the fracture paths [24]. Additionally, biofield
has significantly enhanced the yield and quality of various agriculture
products [27-30]. Moreover, Mr. Trivedi’s biofield has caused changes
in the antibiotic susceptibility patterns as well as produced biochemical
reactions that induced changes in the characteristics of pathogenic
microbes [31-33]. Furthermore biofield has significantly improved the
growth and anatomical characteristics of herb Pogostemon cablin [34].
Having inspired by excellent properties of cellulose and cellulose
acetate, we put an attempt to modify the physicochemical parameters
of cellulose polymers through biofield treatment, which were
characterized for their physicochemical properties by X-ray Diffraction
(XRD), Differential Scanning Calorimetry (DSC), Thermo Gravimetric
Analysis (TGA) and CHNSO analysis.

Material and Methods
The powdered sample of cellulose and cellulose acetate were
procured from Sigma Aldrich, USA. The procured samples of both the
polymers were divided into two parts; one was kept as a control sample,
while the other was subjected to Mr. Trivedi’s biofield treatment and
coded as treated sample.

Characterization of Physicochemical Parameters
CHNSO analysis
The control and treated cellulose and cellulose acetate samples
were analyzed using CHNSO Analyzer, Model Flash EA 1112 series,
Thermo Finnigan, Italy.

X-ray diffraction (XRD) study
The XRD study of both the cellulose and cellulose acetate powder
(control and treated) samples were analyzed by using a Phillips
Holland PW 1710 X-ray diffractometer system. A copper anode with
nickel filter was used. The wavelength of the radiation was 1.54056 Ǻ.
The obtained data was used for calculation of crystallite size using the
following formula.
Crystallite size=kλ/b cos θ
Where λ is the wavelength and k is the equipment constant (0.94).

Differential scanning calorimetry (DSC)
The DSC data of cellulose and cellulose acetate (control and
treated) samples were analyzed by using Pyris-6 differential scanning
calorimeter (DSC) (Perkin Elmer, USA), at a heating rate of 10ºC/min
with a nitrogen flow of 5 mL/min.

Thermo gravimetric analysis (TGA)
The thermal stability of the cellulose and cellulose acetate samples
(control and treated) were analyzed by using a Metller Toledo
simultaneous thermo gravimetric analyzer and differential thermal
analysis (DTA). The samples were heated from room temperature to
400°C with a heating rate of 5°C/min under oxygen atmosphere.

Results
CHNSO analysis
The
control
and
treated
polymer
samples
were subjected to CHNSO analysis and data are summarized in
(Table 1). The control cellulose sample showed the similar amount of
J Bioengineer & Biomedical Sci
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Parameter

Cellulose

Cellulose Acetate

Nitrogen control
Nitrogen treated
% change in nitrogen

0.00
0.00
-

0.00
0.00
-

Carbon control
Carbon treated
% change in Carbon

41.85
41.97
0.27

47.56
47.75
0.39

Hydrogen control
Hydrogen treated
% change in hydrogen

5.96
7.01
17.77

5.66
5.98
5.67

Oxygen control
Oxygen treated
% change in Oxygen

32.49
37.97
16.89

29.29
33.22
13.41

Table 1: CHNSO analysis of cellulose and cellulose acetate.

carbon, hydrogen and nitrogen as reported previously [35]. The treated
cellulose polymer showed a very minimal increase in the percentage of
carbon (0.27%) as compared to control sample. Whereas the significant
amount of increased percentage of hydrogen (17.77%) and oxygen
(16.89%) was observed in treated cellulose as compared to control
polymer. However, no nitrogen trace was observed in treated cellulose
and cellulose acetate, which showed purity of the samples. The treated
cellulose acetate showed an increased (0.39%) percentage of carbon
as compared to control. The hydrogen and oxygen percentage in
treated cellulose acetate increased significantly by 5.67% and 13.41% as
compared to control polymer. This showed that biofield had changed
the elemental composition (C, H and O) of the treated cellulose and
cellulose acetate polymers.

X-ray diffraction (XRD) analysis
The XRD studies were conducted on both the control and treated
polymers (cellulose and cellulose acetate), and the data are illustrated in
[Figure 1 (1a, 1b, 1c and 1d)]. The XRD diffractogram of control
cellulose showed well-defined crystalline peaks (Figure 1a) at 2θ
equals to 16.69° and 34.37°, which corroborated its crystalline nature.
Similarly, the treated cellulose also showed (Figure 1b) two crystalline
peaks at 2θ equals to 16.27° and 22.53°, which supported the crystalline
nature of treated cellulose. According to Wada et al. the peak at 2θ
equals to 16.27°, and 22.53° reflection could be assigned to (110) and
(200) crystallographic plane, respectively [36].
Contrarily, cellulose acetate (control) showed (Figure 1c) more
semi-crystalline nature [37,38] as evidenced from two peaks at 2θ
equals to 10.50° and 13.13°. However, XRD diffractogram of treated
cellulose acetate have not showed (Figure 1d) any significant change
in peak position.

Differential scanning calorimetry (DSC)
DSC thermogram of control and treated polymers (cellulose
and cellulose acetate) are presented in [Figure 2]. (Figure 2a and 2b)
showed a sharp endothermic inflection at 328.51°C and 328.32°C due
to the melting temperature peak of control (Figure 2a) and treated
cellulose (Figure 2b), respectively. The higher melting temperature
of cellulose material correlated to its high thermal stability. Figure 2c
and 2d showed endothermic peaks at 344.14°C and 351.91°C, which
was ascribed to melting temperature of control and treated cellulose
acetate, respectively. These observed endothermic peak of control
(Figure 2c) and treated cellulose acetate (Figure 2d) were much higher
than melting temperature reported by Scott [39], Valente et al. [40],
and Kee et al. for cellulose acetate polymer [41]. The high melting peak
of the treated cellulose acetate was mainly due to excellent thermal
stability as compared to control cellulose acetate.
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Figure 1a: XRD diffractogram of cellulose (Control).
Figure 1d: XRD diffractogram of cellulose acetate (Treated).

Figure 1b: XRD diffractogram of cellulose (Treated).

Figure 2a:DSC thermogram of cellulose (Control).

Figure 1c: XRD diffractogram of cellulose acetate (Control).

Thermo gravimetric analysis/differential thermal analysis
(TGA/DTA):
The TGA/DTA thermogram of control and treated cellulose samples
are illustrated in (Figures 3a and 3b), respectively. TGA thermogram of
control cellulose exhibited (Figure 3a) single step thermal degradation
pattern at 280-360°C where sample lost 69.71% of its original polymer
weight. The maximum decomposition temperature (Tmax) of control
J Bioengineer & Biomedical Sci
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Figure 2b: DSC thermogram of cellulose (Treated).

cellulose was observed at 321.22°C, which was relatively higher than
previously reported value by Rescignano et al. [42]. However, after
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biofield exposure, a decrease was observed in maximum decomposition
temperature of treated cellulose (248°C) as compared to the control
sample (Figure 3b).
Figures 3c and 3d showed the TGA thermogram of control and
treated cellulose acetate. The control cellulose acetate (Figure 3c)
sample showed multi-step thermal degradation pattern: polymer
started to degrade at 230°C and ended at 290°C, with sample loss of
24.99%; the second thermal decomposition event started at 310°C
and terminated at 370°C with sample loss of 68.08% from its original
polymer weight. Differential thermo gravimetric (DTG) of control
cellulose acetate showed maximum decomposition temperature (Tmax)
at 351°C. Contrarily, the biofield exposed cellulose acetate showed
(Figure 3d) single step thermal decomposition pattern (320-390°C)
with 87% of weight loss.

Discussion
Figure 2c: DSC thermogram of cellulose acetate (Control).

Figure 2d: DSC thermogram of cellulose acetate (Treated).

It was previously suggested that the degree of cellulose crystallinity is
one of the most important crystalline structure parameters. The rigidity
of cellulose increases with tight inter crystalline packing and their
flexibility decreases with increasing ratio of crystalline to amorphous
form. Moreover, the free –OH group along the macromolecule
chain of cellulose are involved in a number of inter/intra molecular
hydrogen bonding, which may assist in the formation of various long
range ordered crystalline planes [43]. The crystalline cellulose is mainly
present in four different polymorphic forms (I, II, III, and IV) in nature.
On the basis of different investigations, previously it was suggested that
cellulose Iα has one chain triclinic structure, and cellulose Iβ has two
chains monoclinic structure.
In the present work, the crystallite size was calculated from the
X-ray diffractogram of the control and treated cellulose sample (Table
2). The calculated crystallite size for control cellulose was 10.72 nm,
which was increased up to 27.85 nm in treated cellulose. This increase in
crystallite size enhanced the crystallinity indices because the crystalline
surface corresponding to amorphous cellulose regions disappeared. The
percentage crystallite size in treated cellulose was significantly increased
by 159.83% as compared to control polymer which confirmed that

Figure 3a: TGA thermogram of cellulose (Control).
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Figure 3b: TGA thermogram of cellulose (Treated).

Figure 3c: TGA thermogram of cellulose acetate (Control).

biofield was significantly alleviating the crystalline pattern of cellulose.
It was previously demonstrated that cellulose can be converted into a
more crystalline stable form by a variety of treatments.
DSC analysis is an important technique to measure the glass
transition, melting temperature and change in latent heat of fusion of
different materials. The DSC result of treated cellulose showed similar
melting temperature (328.51ºC) as showed by the control polymer
(328.32ºC). However treated cellulose acetate showed a marked
increase (7.77oC ± 1ºC) in melting peak as compared to control
polymer. These findings clearly showed that exposing cellulose acetate
to biofield treatment enhanced the thermal stability of the polymer. We
presume that biofield has improved the long-range order or regular
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pattern of atoms, present in the polymer, which lead to improvement
in crystallinity. Hence, more thermal energy was required to disturb
the crystalline pattern, which increased the thermal stability of
treated cellulose acetate. The treated cellulose showed substantially
increased percentage latent heat of fusion (∆H) 59.09% as compared
to control cellulose sample. The increased percentage ∆H of treated
cellulose was may be associated with biofield energy absorption by
the polymer. The treated cellulose acetate also showed a significant
elevation in percentage ∆H of treated cellulose acetate by 105.79%.
It was postulated that biofield had caused significant changes in both
polymers at the atomic level.
TGA was used to get further insights about the thermal stability
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Figure 3d: TGA thermogram of cellulose acetate (Treated).

Polymer Powder

Crystallite size (nano meter)
Control

Treated

Percentage change in
crystallite size

Cellulose

10.72

27.85

159.83

Cellulose acetate

21.91

18.1

-17.38

Table 2: Percentage crystallite size of cellulose and cellulose acetate.

of cellulose and cellulose acetate. The maximum decomposition
temperature was observed at 353°C based on DTG, which corroborated
the improved thermal stability of the treated cellulose acetate as
compared to control polymer (351°C); this was well supported by our
DSC results.
Cellulose based polymers have been used commonly for wound
dressing and tissue regeneration applications. The wound dressing and
skin repair materials should have excellent ability to absorb exudates,
prevent bacterial infection, inhibit bleeding and maintain proper
water, electrolyte balance [44]. Nevertheless, due to low strength
and elasticity some commercial wound dressings did not satisfy
ideal healing requirements as they tend to stick to wound surface
or crushed under high stress [45]. The cellulose acetate polymer is a
hydrophilic polymer with good liquid transport and water absorption
abilities. However, poor mechanical and resistance properties limit
its applications as a wound dressing material. Hence, in present work
cellulose acetate and cellulose were treated with biofield to improve its
physicochemical properties. Our XRD and DSC result demonstrated
the significant increase in crystalline and thermal properties of these
polymers (cellulose and cellulose acetate) after biofield exposure. It
was expected that increased crystalline nature and high temperature
stability may confer excellent mechanical properties that will be crucial
for its wound healing applications.

Conclusion
The present work reports the effect of Mr. Trivedi’s biofield on
chemical and thermal properties of cellulose based polymers (cellulose
and cellulose acetate). The XRD studies revealed well-defined crystalline
behavior for both control cellulose and biofield treated sample.
J Bioengineer & Biomedical Sci
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Biofield treated sample showed greater crystallite size as compared
to control cellulose, which was quite unexpected, and we hypothesize
that biofield was inducing more long range order between the atoms
alleviating its crystalline nature. Though a decrease in crystallite size
was observed in treated cellulose acetate as compared to control sample.
The DSC thermogram of control cellulose showed no change in
melting behavior, on the other hand, treated cellulose acetate showed
enhanced melting temperature peak, which revealed the high thermal
stability of the respective polymer. CHNSO results corroborated
substantial increase in percentage hydrogen and oxygen of treated
polymers (cellulose and cellulose acetate) as compared to control
sample. TGA analysis confirmed the higher thermal stability of treated
cellulose acetate as compared to control; however thermal stability was
decreased in treated cellulose as compared to control. Energy from
the Biofield treatment that was absorbed by the treated samples might
have played an important role that caused a substantial increase in the
latent heat of fusion of both the treated samples. Based on the results
achieved, we conclude that the biofield treated polymers could play an
important role in the applications of wound dressing materials.
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