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Abstract
Chitosan (CS) and sodium alginate (SA) are two widely popular biopolymers which are used for biomedical and 

pharmaceutical applications from many years. The objective of present study was to study the effect of biofield 
treatment on physical, chemical and thermal properties of CS and SA. The study was performed in two groups 
(control and treated). The control group remained as untreated, and biofield treatment was given to treated group. 
The control and treated polymers were characterized by Fourier transform infrared (FT-IR) spectroscopy, CHNSO 
analysis, X-ray diffraction (XRD), particle size analysis, differential scanning calorimetry (DSC) and thermogravimetric 
analysis (TGA). FT-IR of treated chitosan showed increase in frequency of –CH stretching (2925→2979 cm-

1) vibrations with respect to control. However, the treated SA showed increase in frequency of –OH stretching
(3182→3284 cm-1) which may be correlated to increase in force constant or bond strength with respect to control.
CHNSO results showed significant increase in percentage of oxygen and hydrogen of treated polymers (CS and
SA) with respect to control. XRD studies revealed that crystallinity was improved in treated CS as compared to
control. The percentage crystallite size was increased significantly by 69.59% in treated CS with respect to control.
However, treated SA showed decrease in crystallite size by 41.04% as compared to control sample. The treated
SA showed significant reduction in particle size (d50 and d99) with respect to control SA. DSC study showed changes
in decomposition temperature in treated CS with respect to control. A significant change in enthalpy was observed
in treated polymers (CS and CA) with respect to control. TGA results of treated CS showed decrease in Tmax with
respect to control. Likewise, the treated SA also showed decrease in Tmax which could be correlated to reduction in
thermal stability after biofield treatment. Overall, the results showed that biofield treatment has significantly changed
the physical, chemical and thermal properties of CS and SA.
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Introduction 
Pharmaceutical scientists have used polymers in every aspect 

of their work; for example polystyrene vials, rubber closures, plastic 
tubing for injection sets, and polyvinylchloride flexible bags to hold 
blood and intravenous solutions. The conventional use of polymers is 
often limited to packaging rather than drug delivery. Subsequently, the 
union of polymer and pharmaceutical sciences led to the introduction 
of polymer in the design and development of drug delivery systems 
[1]. Especially, targeted drug delivery is more promising approach 
where the drug can be transported more effectively from a dosage 
form to targeted organ in required concentration thereby minimizing 
the drug induced toxicity. As the oral route is most popular route of 
administration, a large emphasis has been devoted to the development 
of controlled oral drug delivery systems. However, the highly 
hydrophilic nature and short half-life (elimination half-life 2-3 hour) 
of drugs causes them to readily absorbed and eliminated [2]. This 
requires frequent dosing that lead to a decrease in patient compliance 
and further increase chances of severe side effects due to dose dumping 
[3]. This warrants extensive research to alleviate these drug side effects 
by fabricating novel polymer-based drug delivery devices. 

In general, polymers are classified in several ways; but according to 
the simplest classification used for pharmaceutical purposes they are 

divided into natural and synthetic polymers. Polysaccharides as natural 
polymers have been commonly used for the development of controlled 
release dosage forms and sustained release formulations [4-6]. 

Chitosan (CS) is an excellent cationic biopolymer which can 
interact effectively with negatively charged polymers, macromolecules, 
and poly ions. CS based matrices are extensively investigated for oral, 
transdermal, rectal, and ocular drug delivery systems [7]. CS can 
be used as an effective targeted delivery to the upper part of gastro 
intestinal tract and stomach to improve bioavailability. Recently CS 
and SA based matrix tablets were formulated for controlled delivery of 
trimetazidine hydrochloride [8].

Sodium alginate (SA) is a well-known natural polymer of plant 
origin; it is mainly composed of (1-4) linked β-D-manuronic acid 
and α-L-guluronic acid units [9,10]. It has outstanding gel forming 
ability, biocompatibility and biodegradability which makes it a suitable 
candidate for biomedical, controlled release applications and matrices 
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Characterization

Fourier transform infrared (FT-IR) spectroscopy: The infrared 
spectra of polymers (CS and SA) were recorded in the range of 500-
4000 cm-1 with Perkin Elmer, Fourier Transform Infrared (FT-IR) 
Spectrometer, USA. 

CHNSO analysis: The control and treated samples of CS and SA 
were analysed using CHNSO Analyser (Model Flash EA 1112 series), 
Thermo Finnigan Italy. 

X-ray diffraction (XRD) study: XRD of control and treated 
polymer samples (CS and SA) were analysed by using Phillips Holland 
PW 1710 X-ray diffractometer system. The wavelength of the radiation 
was 1.54056 Ǻ. The data was obtained in the form of 2θ versus intensity 
(a.u) chart. 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 with a 
value of 0.94. Percentage change in crystallite size was calculated using 
following formula:

Percentage change in crystallite size = [(Gt-Gc)/Gc] ×100 

Where, Gc and Gt are crystallite size of control and treated powder 
samples respectively. 

Particle size analysis

The average particle size and particle size distribution were 
analysed by using Sympetac Helos-BF Laser Particle Size Analyser with 
a detection range of 0.1 µm to 875 µm. Average particle size (d50) and 
d99 size exhibited by 99% of powder particles were computed from laser 
diffraction data table. The percent change in d50 and d99 values were 
calculated by following formula. 

Percentage change in d50 size = 100 x (d50 treated- d50 control)/d50 
control 

Percentage Change in d99 size = 100 x (d99 treated- d99 control)/d99 
control 

Differential scanning calorimetry (DSC): DSC of the polymer 
samples (CS and SA) were analysed by using Pyris-6 Perkin Elmer 
Differential Scanning Calorimeter (DSC) at a heating rate of 10ºC /
min under air atmosphere and air was flushed at a flow rate of 5 mL/
min. The treated sample was divided in two parts T1 and T2 for DSC 
analysis.

Thermogravimetric/ derivative thermogravimetry (TGA/DTG) 
analysis: The thermal stability of the polymer all samples were analysed 
by using Mettler Toledo simultaneous thermogravimetric/derivative 
thermogravimetry analyser (TGA/DTG). The samples were heated 
from room temperature to 400ºC with a heating rate of 5ºC /min under 
air atmosphere. The treated sample was divided in two parts T1 and T2 
for TGA analysis. 

Results and Discussion 
FT-IR spectroscopy

FT-IR spectra of control and treated polymer samples of CS and SA 
are illustrated in Fig 1 and 2, respectively. FT-IR spectrum of control 
CS showed (Figure 1) presence of intense peaks at 1652 cm-1 which 
was due to amide-I stretching vibration in the sample. FT-IR spectrum 
of CS showed stretching peak at 3434 and 2925 cm-1 for –OH and –

for enzyme immobilization, etc. [11,12]. Moreover, SA can be cross 
linked with multivalent cations such as calcium ions which can lead 
to the formation of insoluble calcium alginate [13,14]. Due to this 
unique crosslinking nature SA shows reduced swelling in different 
solvents, resulting in minimized permeation of different solutes. This 
allows drug embedded alginate matrices to be used as sustained release 
formulations for controlled drug delivery applications [15-18]. 

Nevertheless, more hydrophilic nature of these polymers, 
sometime leads to premature release of the drugs leading to reduced 
bioavailability and efficacy. Therefore CS and SA polymer need to be 
properly modified in order to tailor its stability which can improve 
bioavailability of encapsulated drugs. Hence, in current research work 
an attempt was made to modify physicochemical properties of CS and 
SA through biofield treatment. 

Biofield is a cumulative effect of electric and magnetic field induced 
by a human body on external surroundings. Thus, human beings have 
the ability to harness the energy from environment/Universe and can 
transmit into any object (living or non-living) around the Globe. The 
object(s) always receive the energy and respond into a useful manner 
that is called biofield energy. This whole process is known as biofield 
treatment. Recently, it was reported that a robotic quad copter can be 
controlled through the power of thoughts [19]. Mr. Trivedi is known 
to transform the physical and structural properties at the atomic level 
of various living and non-living things through his biofield treatment 
(The Trivedi Effect®). The said treatment has substantially changed the 
atomic and thermal properties of metals [20-23]. The biofield treatment 
has significantly changed the energy in the crystal as well as crystallite 
size and distance between the atoms in a unit cell. Furthermore, when 
biofield was exposed to diamond, graphite and activated charcoal, the 
treatment has caused substantial elongation and fracture to smaller 
particles, which confirmed that the biofield energy has acted at the 
polycrystalline level causing deformation of metal particles [22]. 

It has been recently published that the effect of Mr Trivedi’s 
biofield treatment resulted in significant improvement of the yield and 
quality of various agriculture products [24-27]. It causes an increase 
in growth and anatomical characteristics of a herb Pogostemon cablin 
that is commonly used in perfumes, in incense/insect repellents, 
and alternative medicine [28]. Moreover, in microbiology, biofield 
treatment has also caused changes in the antibiotic susceptibility 
patterns and biochemical reactions that further induced changes in the 
characteristics of pathogenic microbes [29-31]. 

By considering above mentioned excellent outcomes from biofield 
treatment and properties of CS and SA, this work was undertaken to 
investigate the impact of biofield treatment on physical, chemical and 
thermal properties of CS and SA. 

Materials and Method 
Chitosan (CS) and sodium alginate (SA) has been procured 

from Sigma Aldrich, USA. The samples were divided into two parts; 
one was kept as control sample, while the other was subjected to Mr. 
Trivedi’s biofield treatment and coded as treated sample. The treatment 
group was in sealed pack and handed over to Mr. Trivedi for biofield 
treatment under laboratory condition. Mr. Trivedi provided the 
treatment through his energy transmission process to the treated group 
without touching the sample. The control and treated samples were 
characterized by FT-IR, CHNSO, XRD, particle size, DSC, and TGA. 
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CH stretching, respectively. Another important peak was observed at 
1392 cm-1, which indicated the presence of amide-III bending peak. The 
absorption bands at 1154 cm-1 (asymmetric stretching of the –COOC– 
bridge), 1082, and 1036 cm-1 (skeletal vibration involving the COO 
stretching) were characteristic of its saccharine structure [32]. 

FT-IR spectrum of treated CS sample showed (Figure 1) –NH2 
(amide I) and amide II stretching vibration peaks at 1652 and 1601 cm-

1, respectively. Other characteristic peak of -NH stretching vibration 
peak was observed at 3434 cm-1. The –CH stretching vibration band 
was shifted from 2925→2979 cm-1 and this may be due to increase in 
bond strength or force constant after biofield treatment. The peaks at 
1392, 1168, and 1092 cm-1 were due to amide-III bending, asymmetric 
stretching of the –COOC– bridge and skeletal vibration of -COO 
stretching. 

The IR spectrum of control SA showed (Figure 2) a characteristic 
peak at 1606 cm-1 which was ascribed to carboxylic acid salt (-COO 
asymmetric stretch, 1500-1650 cm-1). SA showed another important 
broad peak at 3182 cm-1 which was due to inter molecular hydrogen 
bonded –OH group. The other noticeable peak at 2977 cm-1 was due 
to –CH stretching and -OH bending peaks were observed at 1035, and 
1091 cm-1 [33]. The biofield treated SA showed (Figure 2) prominent 
peaks at 1604 cm-1, 3284 cm-1 and 2893 cm-1 which were mainly due 
to –COO- group, -OH group and –CH stretching vibration peaks, 
respectively. Vibration peak for –OH bending was observed at 1037 cm-

1. The result showed upward shifting of –OH group from 3182→3284 
cm-1 which may be due alteration in bond strength. Other FT-IR peaks 

of treated SA did not show any significant changes with respect to 
control sample. 

CHNSO analysis

CHNSO analysis was used to measure the percentage of elements 
present in the polymers (CS and SA) and the results are presented in 
Table 1. The percentage of hydrogen was increased by 16.69% and 
46.66% in treated samples of CS and SA, respectively as compared to 
control. These results indicated that biofield energy was making the 
hydrogen bond weaker hence facilitating the combustion of hydrogen. 
Similarly, a significant increase in percentage oxygen was also 
evidenced in both the polymers, i.e., 11.75%, and 12.05% in CS and SA, 
respectively. Additionally, the percentage of nitrogen in treated CS was 
increased (1.82%) as compared to control but no change was observed 
in SA sample. Likewise, percentage carbon was increased in SA (2.28%) 
as compared to control though it decreased in case of CS sample 

Figure 1: FT-IR spectrum of chitosan (control and treated).

Figure 2: FT-IR spectra of sodium alginate (control and treated).

Elements Parameter Chitosan Sodium Alginate

C
Control 41.93 29.54
Treated 41.78 30.22

% Change -0.35 2.28

H
Control 6.83 3.30
Treated 7.97 4.84

% Change 16.69 46.66

N
Control 7.14 0.00
Treated 7.27 0.00

% Change 1.82 -

O
Control 30.88 33.65
Treated 34.51 37.70

% Change 11.75 12.05

Table 1: CHNSO data of chitosan and sodium alginate.
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(-0.35%). It is assumed that biofield treatment may cause substantial 
increase in percentage of oxygen and hydrogen in both treated natural 
polymers (CS and SA) with respect to control.

XRD study

Figure 3 shows the XRD diffractogram of control and treated CS. 
XRD diffractogram of control CS showed more crystalline nature with 
intense peak at 2θ equals to 19.69º. However, the treated CS showed 
increase in intensity of the XRD peak and it was observed at 2θ equals 
to 19.80º (Figure 3). The crystallite size was calculated from the XRD 
diffractogram of control and treated CS sample using Scherrer formula 
(crystallite size = kλ /b cos θ) and results are presented in Table 2. The 
crystallite size of treated CS (18.26 nm) showed significant increase as 
compared to control CS (10.76 nm). Percentage increase in crystallite 
size of treated CS was 69.59% as compared to control sample. This 
may be due to biofield energy which lead to growth in crystal size by 
removing the inter-crystalline boundaries (grain boundaries) aligning 
the planes in several adjacent crystals [12]. 

XRD diffractogram of control and treated SA is shown in Figure 
4. XRD of control SA sample showed characteristic semi-crystalline 
nature with a peak at 2θ equals to 13.61º. Contrarily, the treated SA 
sample showed more broadening in the XRD peaks. The control SA 
showed crystallite size of 18.11 nm and treated SA showed crystallite 
size of 10.68 nm. This showed 41.04% decrease in crystallite size of 
treated SA as compared to control (Figure 4). Hence, it is assumed that 
biofield may have significantly changed the crystallite size of treated SA 
with respect to control. The presence of the internal strain might be the 
reason for fracturing the grains into sub grains which lead to decrease 
in crystallite size of treated SA. 

Particle size analysis

Particle size (d50 and d99) of control and treated SA was investigated 

and results are presented in Table 3. It was observed that biofield 
treatment has significantly reduced both average particle size (d50) and 
d99 value of SA polymer with respect to control. The control SA showed 
a particle size values of d50 (65.27 µm) and d99 (500 µm). However, after 
biofield treatment it showed significant reduction in particle size as 
11.5 µm and 82.1 µm for d50 and d99, respectively. The marked reduction 
in particle size may be due to the high energy or force experienced 
by particles which lead to fracture in particle boundaries causing 
reduction in particle size. Further, it is assumed that too much of 
plastic deformation due to biofield treatment in samples stores stresses 
in the form of discontinuities in the particles which ultimately fracture 
the sample making it much smaller. 

Thermal analysis

DSC is an important tool for the determination of glass transition 
and melting behaviour of polymers. Figure 5 (control, CS T1 and 
CS T2) shows the DSC thermograms of CS. DSC thermogram of CS 
sample did not exhibit any glass transition temperature which was 
mainly associated with its rigid crystalline nature and occurrence of 
strong inter/intra molecular hydrogen bonding. Kittur et al. suggested 
that glass transition of CS could lie at a higher temperature where 
degradation prevents its determination [34]. DSC thermogram 
of control CS exhibited a broad exothermic peak at 297ºC. This 
exothermic peak can be correlated to decomposition of amine units 

Figure 3: XRD of chitosan (control and treated).

Figure 4: XRD of sodium alginate (control and treated).

Polymer powder Crystallite size (nm) % change in crystallite 
size

Control Treated
Chitosan 10.76 18.26 69.59

Sodium alginate 18.11 10.68 -41.04

Table 2: Crystallite size and percentage change in crystallite size of polymers 
(Chitosan and Sodium Alginate).
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of the CS sample [34,35]. DSC thermogram of treated CS T1 sample 
showed (Figure 5) an increase in exothermic temperature peak and 
it was observed at 325ºC. This showed the late decomposition of the 
amine units of CS T1 with respect to control. DSC thermogram of CS 
T2 showed an exothermic peak at 300ºC. The increase in exothermic 
decomposition temperature could be associated with strong hydrogen 
bond formation after biofield treatment in chitosan. 

DSC thermogram of SA (Figure 6) (control SA, SA T1 and SA 
T2) exhibited an endothermic peak at 95ºC that may be correlated to 
elimination of loosely bound water in the control SA. The thermogram 
showed two exothermic peaks at 241ºC and 253ºC that was due to 
pyrolysis reaction in the control SA. Nevertheless, the SA T1 sample 
also showed an endothermic peak at around 95ºC that may be ascribed 
to bound water in the sample. The DSC thermogram showed (Figure 
6) an exothermic peak at 242ºC that was ascribed to pyrolysis of the 
sample. DSC thermogram of SA T2 also showed endothermic peak at 
around 96ºC due to elimination of water. The exothermic event was 
observed at 243 ºC and 269ºC and this was due to pyrolysis reaction in 
the sample [36]. 

The enthalpy change was calculated from the respective DSC 
thermograms of control and treated CS and SA polymers (Table 4). 
The control CS showed an enthalpy value 1490 J/g; however the CS 

T1 and CS T2 samples showed an enthalpy of 68.81 J/g and 1370 J/g, 
respectively. However, the control SA showed an enthalpy of 130.93; 
however the SA T1 and SA T2 samples showed an enthalpy of 499.92 J/g 
and 272.69 J/g, respectively. The result showed a substantial decrease in 
enthalpy in treated CS (T1 and T2) by -95.38% and -8.05% with respect 
to control SA. Whereas, the treated SA showed significant increase in 
enthalpy by 281.82% and 108.27% with respect to control. Hence, it is 
assumed that biofield treatment had altered the enthalpy of treated CS 
and SA as compared to control. 

TGA/DTG analysis was conducted on control and treated CS 
samples and results are presented in Figure 7a and 7b (control, CS 
T1 and CS T2). CS (control) showed one step thermal degradation 
pattern. The control CS started to degrade at around 266ºC (onset) 
and degradation terminated at around 350ºC. During this thermal 
process the sample lost 34.70% of its weight. This step was mainly due 
to CS decomposition and scission of the polymer chain. Derivative 
thermogravimetry (DTG) graph of control CS exhibited maximum 
thermal decomposition temperature (Tmax) at 310ºC. However, the 
treated CS T1 started to decompose at around 236ºC and decomposition 
stopped at around 334ºC. The CS T1 lost 43.44% of its weight during 

Polymer Powder d50 (µm) d99 (µm)
Sodium alginate (control) 65.27 500

Sodium alginate (T1) 11.5 82.1
Chitosan NDa NDa

Table 3: Particle size data (d50 and d99) of chitosan and sodium alginate.

Figure 5: DSC thermogram of control and treated chitosan (T1 and T2).

Figure 6: DSC thermogram of control and treated sodium alginate (T1 and T2).

Sample
Chitosan Sodium Alginate
Enthalpy Enthalpy

Value (J/kg) % change Value (J/kg) % change
Control 1490 - 130.93 -

T1 68.81 -95.38 499.92 281.82
T2 1370 -8.05 272.69 108.27

Table 4: Enthalpy change in control and treated chitosan and sodium alginate.
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this process. DTG thermogram showed a Tmax value of 291ºC. The TGA 
thermogram of CS (T2) showed one step thermal degradation (Figure 
7b). The degradation commenced at around 259ºC and it stopped at 
around 327ºC. During this process CS T2 lost 39.85% of its weight. The 
DTG showed the Tmax of 293ºC. The comparative evaluation of DTG 
results showed decrease in Tmax after biofield treatment of CS. This 
may be correlated to reduction in thermal stability of CS after biofield 
treatment. 

The TGA-DTG thermogram of control and treated SA (SA T1 and 
SA T2) are shown in Figure 8a and 8b. The control SA showed one step 
thermal degradation. The degradation commenced at around 209ºC 
and terminated at around 290ºC. During this step the control SA lost 
39.11% of its weight. DTG thermogram of control SA showed Tmax at 
240.19ºC. The TGA thermogram of SA T1 showed one step thermal 
degradation. The degradation started at around 192ºC and stopped 
at around 262ºC. The SA T1 lost 33.57% of its weight. Based on DTG 
thermogram of SA T1 the Tmax was observed at 231ºC. The thermal 

Figure 7a: TGA-DTG thermogram of chitosan (control and T1).
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Figure 7b: TGA-DTG thermogram of chitosan (T2).

Figure 8a: TGA-DTG thermogram of sodium alginate (control and T1).
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degradation of SA (T2) started at around 196ºC and it stopped at 
around 220ºC (Figure 8b). The SA T2 lost 32.77% of its weight during 
this process. The Tmax value was decreased in SA T1 as compared to 
control which correlates with decrease in thermal stability of treated 
SA with respect to control. This indicated that biofield treatment did 
not increase the thermal stability of treated SA as compared to control. 

Conclusion 
This research work showed the impact of biofield treatment 

on physicochemical and thermal properties of CS and SA. FT-IR 
study showed increase in wavenumber of –CH stretching vibrations 
which may be associated with increase in bond strength and force 
constant. CHNSO analysis showed significant increase in percentage 
hydrogen and oxygen of treated CS and SA. XRD data revealed the 
crystalline nature of CS (control and treated) and a significant increase 
in percentage crystallite size (69.59%) was observed after biofield 
treatment. However, the treated SA showed decrease in crystallite size 
by 41.04% as compared to control. The particle size analysis of treated 
SA showed substantial reduction in particle size with respect to control. 
DSC study showed increase in exothermic temperature in treated CS 
which may be related to strong hydrogen bonding in the sample. 
Similarly increase in exothermic temperature was absorbed in treated 
SA with respect to control. A significant increase in ∆H was observed 
in SA T1 by 281.82% and SA T2 by 108.27% with respect to control 
sample. Moreover, significant change in % enthalpy was evidenced 
in treated CS with respect to control. TGA results showed reduction 
in thermal stability of treated polymers (CS and SA) with respect to 
control. Overall, the results showed that biofield has caused significant 
impact on physical, chemical and thermal properties of the CS and 
SA. Hence, it is assumed that biofield treated CS and SA could be used 
as a matrix for controlled drug delivery systems. 
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