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Oxidized cellulose (OC) nanofiber was successfully prepared from the dry sheet of Nata De Coco (DNDC) using the mixture
system of HNO3/H3PO4–NaNO2 for the first time. )e carboxyl content of the OC was investigated at different conditions
(HNO3/H3PO4 ratios, reaction times, and reaction temperatures). )e results revealed that the carboxyl content of the OC
increased along with the reaction time, which yielded 0.6, 14.8, 17.5, 20.9, 21.0, and 21.0% after 0, 6, 12, 36, and 48 hours,
respectively. )e reaction yields of the OC ranged between 79% and 85% when using HNO3/H3PO4 ratio of 1 : 3, 1.4% wt of
NaNO2 at 30°C at different reaction times. From the structural analysis, the OC products showed a nanofibrous structure with
a diameter of about 58.3–65.4 nm. )e Fourier transform infrared spectra suggested the formation of carboxyl groups in the OC
after oxidation reaction. )e crystallinity and crystalline index decreased with an increase of reaction time. )e decrease of
crystallinity from oxidation process agreed with the decrease of degree of polymerization from the hydrolysis of β-1,4-glycosidic
linkages in the cellulose structure. )e thermal gravimetric analysis results revealed that the OC products were less thermally
stable than the raw material of DNDC. In addition, the OC products showed blood agglutinating property by dropping blood on
the sample along with excellent antibacterial activity.

1. Introduction

Oxidized cellulose (OC), which could be obtained by partial
oxidation of the hydroxymethyl groups on the hydroglucose
rings to produce cellulose containing carboxyl group (Figure 1),
is an important biocompatible polymer. It has hemostatic
property and has been widely used in medical researches and
surgery; for example, it was used as hemostatic agents in cardiac
surgery [1], thyroid surgery [2], laparoscopic surgery for small
uterine perforation [3], and it was used for tubal hemorrhage
hemostasis during laparoscopic sterilization [4]. Moreover, it
can also be used as drug delivery materials [5] and heavy metal
adsorbents [6, 7].

Due to special applications of the OC, many researchers
have been trying to synthesize OC, for example, by reactions
with oxidizing reagents such as nitrogen dioxide [8, 9], the
mixture of nitric acid, phosphoric acid, and sodium nitrite

[10, 11], or reaction with relatively less unstable nitroxyl
radical reagents such as 2,2,6,6-tetramethylpiperidine N-
oxyl (TEMPO) [12–14].

However, almost all of reports use cellulose from the plant
or viscose fiber with a diameter about 10–20 µm [15] as raw
material. It was reported that Nata De Coco is a nanofiber of
bacterial cellulose with about 30–70 nm in diameter [16–18]
and able to absorb 200 times of water of its original weight
[19]. Furthermore, the nanofiber was reported for its super
functionalities for various applications such as optically and
transparently functional materials, tissue engineering scaf-
folds, food package, catalysts, textiles, or surface coatings
[20–24]. )erefore, if Nata De Coco is used as a raw material
for OC, it possibly can produce higher oxidation efficiency or
different properties than previous reports.

Nowadays, Nata De Coco is a well-known food product,
which is served as a dessert by cutting in the form of cubes
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and boiling in syrup. )e Nata De Coco is produced by the
fermentation of coconut juice, which gels through the
production of microbial cellulose that can produce acetic
acid such as Pseudomonas sp.,Alcaligenes sp.,Agrobacterium
sp., Rhizobium sp., and the most common one is Acetobacter
xylimum [25]. Moreover, it can be produced from the other
sources of sugar such as fruit juices (orange, pineapple,
apple, Japanese pear, and grape juices) [26], coconut milk,
milk serum, and molasses which is a by-product of sugar-
cane refining. It is a natural nanofiber which was produced at
low costs. If Nata De Coco can be used as raw materials to
synthesize OC nanofiber, then nanofibers of other cellulose
derivatives would be able to be prepared from Nata De Coco
as well.

In this work, the OC nanofiber was synthesized from the
dry sheet of Nata De Coco (DNDC) for the first time by
a mixture of the HNO3/H3PO4–NaNO2 system. )e prop-
erties and characterization of the novel OC and its blood
agglutination and antibacterial activity properties were
discussed.

2. Materials and Methods

2.1. Materials. Nata De Coco of food grade was purchased
from a local market in Pathumthani province, )ailand. )e
nature cotton linter was purchased from a cotton mill in
Sakonnakhon province, )ailand. Nitric acid (65.0%),
orthophosphoric (85.0%), sodium nitrite (97.0%), calcium
acetate (99.0%), sodium hydroxide (98.0%), and ethanol
(99.9%) were purchased from Carlo Erba. Copper(II)-
ethylenediamine complex (1M solution in water) was
purchased from Acros. All chemicals were of reagent grade
or analytical grade and used as received.

2.2. Preparation of RawMaterial. Nata De Coco (1,600 g) in
the form of 1 cm cubes was washed in distilled water.
Subsequently, it was cut and ground in a cookingmixture for
3 minutes and was filtered for removing water. )en, the
solid residue was poured into a tray (34× 25 cm) and was
dried at 60°C for 48 hours. After that, the DNDC was cut to
1× 1 cm size and then used as a raw material.

2.3. Synthesis of OC. Approximately 2.0 g of dry Nata De
Coco was added to 50mL of HNO3/H3PO4mixture in a glass
bottle with the ratios of 1 :1, 2 :1, 1 : 2, 1 : 3, and 1 : 4 (v/v).
Subsequently, NaNO2 was added with amounts of 1.0, 1.4,
1.8, and 2.2% (w/v). )e reddish fumes instantaneously
occurred. )e glass bottle was capped and let to react at 10,
20, 30, and 40°C for 6, 12, 24, 36, and 48 hours, respectively,

with a shaking speed of 100 rpm in a water bath shaker. )e
obtained samples were washed with distilled water until the
filtrate reached a pH of about 4. It was then washed with 50%
v/v ethanol and finally washed with distilled water again.)e
OC was air dried at room temperature before character-
ization and the % yield was determined using the following
equation:

% yield �
dry weight of the OC (g)

dry weight of Nata De Coco (g)
× 100. (1)

2.4. Determination of Carboxyl Content. )e carboxyl con-
tent was measured in accordance with the United States
Pharmacopeia (USP23-NF18) [27]. )e sample (0.5 g) with
a known amount of the moisture content was added in
50mL of 2% calcium acetate solution and shaken in the
water bath shaker with a shaking speed of 100 rpm for 12
hours. After that, the mixture was titrated with 0.1N·NaOH
standard solutions by using phenolphthalein as an indicator.
)e volume of the consumed NaOH was corrected by the
blank. )e carboxyl content was determined using the
following equation:

% carboxyl content �
N × V × MW–COOH

m
× 100, (2)

where N is the normality of NaOH, V is the volume of NaOH
used in titration, MW–COOH is the molecular weight of
carboxyl group, and m is the weight of the dry testing sample
(mg).

2.5. Fourier Transform Infrared Spectrometry (FT-IR).
Fourier transform infrared imaging microscopy (Perkin
Elmer; model: Spectrum Spotlight 300) was used for iden-
tification of functional groups of the obtained samples by
micro-attenuated total reflectance technique. All FT-IR
spectra were scanned with a resolution of 1 cm−1 in the
range of 4000–400 cm−1.

2.6.MorphologyAnalysis. )e scanning electronmicroscopy
(SEM, Hitashi model S-3400N) was used for analysis of the
morphology of the fiber at 10 kV with 10 k magnification,
and the diameter and size distribution of the fiber were
analyzed by using image visualization software (Image-Pro
Plus). )e samples were coated with gold vapor before
observation.

2.7. X-Ray Diffraction (XRD) Analysis. XRD patterns of the
obtained samples were recorded using an X-ray
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Figure 1: Oxidation reaction of cellulose.
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di�ractometer (PANalytical, model: X’Pert Pro). 	e samples
were scanned from 3° to 40° of 2θ in 0.02° step per 0.5 seconds,
and the operating voltage and current was 40 kV and 30mA,
respectively. 	e radiation was Ni-�ltered Cu-Kα radiation of
wavelength 1.54 Å. 	e crystallinity degree (Xc) and crys-
talline index (CrI) of the obtained samples were estimated by
following the literatures [11, 28] as per the following equation:

Xc �
Sc

Sc + Sa
× 100,

CrI �
I(0 0 2) − IAM
I(0 0 2)

× 100,

(3)

where Sc is the sum of all crystal areas and Sa is the
amorphous area. I(0 0 2) is the maximum intensity of the
(0 0 2) lattice di�raction which is the peak around 22° of 2θ
and IAM is the di�raction intensity of the amorphous peak
around 18° of 2θ.

2.8. Degree of Polymerization (DP). 	e degrees of poly-
merization (DP) of the obtained samples were estimated by
the intrinsic viscosity method using a Cannon–Fanske
calibrated viscometer (size 75) according to the standard test
method for intrinsic viscosity of cellulose (ASTMD1795-96)
[29]. 	e intrinsic viscosity measurement was performed as
follows. 	e sample with a known amount of moisture
content varying between 0.2 and 1.0 g was suspended in
25mL of distilled water in a 125mL Erlenmeyer �ask. 	e
suspension was �ushed with nitrogen to remove entrapped
air from the sample. After that, 25mL of 1.0M copper(II)-
ethylenediamine complex (Cuen solution) was added into
the suspension and continued �ushing with nitrogen about
2min. 	e Erlenmeyer �ask was then closed with a stopper
and shaken in water bath shaker for 24 hours with a shaking
speed of 100 rpm. After the suspension completely dissolved
in the solution, 7mL of solution was added to the viscometer
in a water bath at 25± 0.5°C. When the solution reached
temperature equilibrium with the bath (in about 5 minutes),
the e¢ux time for the solution between the two marks was
measured. 	e same procedure was employed to measure
the e¢ux time for the 0.5M Cuen solution.

	e intrinsic viscosity [η] was calculated using the Martin
equation:

log
ηrel − 1

c
( ) � log[η] + k[η]c, (4)

where log[(ηrel − 1)/c] is plotted against c and the straight
line is extrapolated through the point to c � 0. 	e in-
tercept gives log [η], where c is the concentration of the
sample in g/100mL and ηrel is the relative viscosity cal-
culated by dividing the e¢ux time of solution by the e¢ux
time of 0.5M Cuen solution as given in the following
relationship:

ηrel �
ηsolution
ηsolvent

�
efflux timesolution
efflux timesolvent

(5)

	e DP was determined from the following equation:

DP �[η]190. (6)

2.9. �ermal Gravimetric Analysis (TGA). 	e thermal
gravimetric analyzer (Mettler Toledo; model: TGA/SDTA
851e) was used for analysis of the thermal property of the
obtained samples. 	e samples were run at a heating rate of
20°C/min in the range 25–1000°C under the nitrogen
atmosphere.

2.10. Agglutination of Blood on the OC. 	e blood aggluti-
nation test was adapted from the procedure of Khatei et.
al. [30], Jarujamrus et al. [31], and Li et al. [32]. 	e
testing samples of DNDC and the obtained OC were cut
to 0.5 × 0.5 cm sizes and were placed on an inspection
paper. 	en, a drop of blood sample was placed on the
testing samples and was let to stand for 10 minutes. If the
blood stain was not found on the inspection paper after
removing the testing sample, it can be concluded that the
testing sample have the agglutinated blood property. A
schematic diagram of the blood agglutination test is
shown in Figure 2.

2.11. Antibacterial Activity. 	e antibacterial activity of
DNDC and the obtained OC was evaluated according to the
standard test method for determining the antimicrobial
activity of immobilized antimicrobial agents under dynamic
control conditions (ASTM E2149) [33]. Gram-negative
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Testing sample

Agglutination

No agglutination

Figure 2: A schematic diagram of the blood agglutination test.
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bacterium, Escherichia coli ATCC 25922, was used as a test
organism. Briefly, the testing samples and a control were
placed in sterile glass flasks. Escherichia coli (ATCC 25922)
was grown overnight and was diluted to 1.59×105CFU/mL,
and then it was added to the flask. Bacteria recovery at the
start of the test (t� 0) was determined. )e flasks were then
shaken for 1 hour after which a small volume of the sus-
pension is reanalyzed for the activity of the leached anti-
microbial treatment. Plates were incubated at 37°C for
24 hours, and any resulting colonies were counted. )e
antimicrobial activity was determined in accordance with
the standard.

3. Results and Discussion

3.1. Reaction Conditions. In this study, OC was synthesized
from DNDC via a mixture of the HNO3/H3PO4–NaNO2
system with different conditions. In addition, the natural
cotton linter was also used for synthesis of OC in order to
investigate the effect of fiber size of oxidation efficiency.
)e varied conditions in this experiment are shown in
Table 1.

3.2. Carboxyl Content. First of all, the effect of ratios of
HNO3/H3PO4 on the carboxyl content was investigated. )e
carboxyl content of the OC products by using different ratios
of HNO3/H3PO4, which are the reactions performed
at 30°C and 1.4% (w/v) of NaNO2 for 24 hours, are shown
in Figure 3. All of reactions yielded OC products after

the oxidation reaction with high % carboxyl content
(14.10–20.93%). )e reaction which was obtained by
HNO3/H3PO4 �1 : 3 (A4) gave the maximum of carboxyl
content as 20.93%, and then the reaction with HNO3/H3PO4
ratio of 1 : 3 was chosen for the condition in the further
steps.

)e effect of amount of NaNO2 on the carboxyl content
of the OC is shown in Figure 4. )e reactions were per-
formed at 30°C for 24 hours by using HNO3/H3PO4 �1 : 3 of
acid mixture with different amounts of NaNO2. )e result
showed that the different amounts of NaNO2 gave no sig-
nificant difference. Moreover, the more vigorous reactions
were observed when the amount of NaNO2 was larger than
1.4% w/v (more of reddish fume and bubble were gener-
ated), and the bubble overflowed the glass bottle when more
than 2.2% w/v of NaNO2 was added. )e amount of NaNO2
did not have large effect on the generation of nitrogen oxide
because it worked as an initiator. )erefore, condition with
1.4% NaNO2 was chosen for the condition in the further
reaction.

)e effect of temperature on the carboxyl content of
the OC is shown in Figure 5. Each reaction was performed
at different temperatures by using HNO3/H3PO4 �1 : 3
of acid mixture and 1.4% (w/v) of NaNO2 for 24 hours.
)e results showed that the carboxyl content increased
when the reaction temperature increased from 10 to 30°C,
suggesting that an increase of oxidation rate resulted
from an increase of temperature. However, the carboxyl
content decreased when the temperature rose up from
30 to 50°C, which was possibly caused by hydrolysis of

Table 1: )e conditions for synthesis of OC.

Sample name Material Ratios of
HNO3/H3PO4 (v/v)

Amount of
NaNO2 (%w/v) Temperature (°C) Reaction time

(hours)
A0 (DNDC) DNDC (raw material) — — — —
A1

DNDC

1 :1

1.4 30 24
A2 2 :1
A3 1 : 2
A4 (OC-24 hrs) 1 : 3
A5 1 : 4
B1

DNDC 1 : 3
1.0

30
24

B2 1.8
B3 2.2
C1

DNDC 1 : 3 1.4

10

24C2 20
C3 40
C4 50
D1 (OC-6 hrs)

DNDC 1 : 3 1.4 30

6
D2 (OC-12 hrs) 12
D3 (OC-36 hrs) 36
D4 (OC-48 hrs) 48

F0 Natural cotton linter
(raw material) — — — —

F1

Natural cotton linter 1 : 3 1.4 30

6
F2 12
F3 24
F4 36
F5 48

4 International Journal of Chemical Engineering



cellulose from strong acid. From the results, it could be
concluded that 30°C was the optimum temperature for
the reaction, which yielded the maximum of carboxyl
content.

	e e�ect of reaction times on the carboxyl content and
% yield of the OC is shown in Figure 6(a). 	e OC products
were prepared at 30°C by using HNO3/H3PO4�1 : 3 of acid
mixture and 1.4% (w/v) of NaNO2 for 6, 12, 24, 36, and 48
hours (the corresponding products were labelled as OC-
6 hrs (D1), OC-12 hrs (D2), OC-24 hrs (A4), OC-36 hrs
(D3), and OC-48 hrs (D4), resp.). 	e carboxyl content of
the raw material of Nata De Coco was 0.57%. On the
contrary, the carboxyl content of the OC products as OC-
6 hrs (D1), OC-12 hrs (D2), OC-24 hrs (A4), OC-36 hrs
(D3), and OC-48 hrs (D4) was 14.79, 17.49, 20.93, 20.96, and
20.98%, and the % yield was 85.34, 84.70, 83.19, 80.36, and
78.62%, respectively. 	e carboxyl content increased with an

increase of reaction time, while the % yield decreased with
an increase of reaction time. However, after 24 hours, the
results showed that the carboxyl content slightly in-
creased (20.93 to 20.98% from 24 to 48 hours), whereas
the % yield still linearly decreased. It suggested that the
reaction at 30oC by using 1 : 3 HNO3/H3PO4 of acid
mixture and 1.4% (w/v) of NaNO2 for 24 hours was the
optimum condition for synthesis of the OC with high
carboxyl content.

Moreover, the results from preparation of the OC from
the natural cotton linter using the same condition as DNDC
are shown in Figure 6(b). 	e tendency of the change of the
carboxyl contents and % yields were similar to those of the
OC products from DNDC, but the values were much less
than those of the OC products from DNDC. From 6 to 48
hours of reaction times, the OC products from DNDC
contained 14.79–20.98% of the carboxyl content and
85.3–78.6% of the % yield. On the contrary, the OC products
from the natural cotton linter have the carboxyl content
ranging from 8.60 to 10.77% and % yield ranging from 78.2
to 45.0%.	e result implied that the diameter of the �ber has
a great e�ect on carboxyl contents and % yields of the OC
product. It was presumed that the mixture of acid
(HNO3/H3PO4 -NaNO2) in this system is responsible for the
oxidation reaction of cellulose, but excess amount of the acid
mixture led to the hydrolysis reaction of cellulose. In DNDC
case, the DNDC showed a nano�brous structure with high
surface for oxidation reaction so that almost all of acid
mixture was involved in the oxidation reaction, while the
�ber of natural cotton showed diameter larger than DNDC
(see in morphology analysis) which is a small surface area for
oxidation reaction so the amount of free mixture acid is very
much remaining. It led to the hydrolysis reaction of the �ber,
in which the % yield was consistent with the carboxyl
content.

3.3. Fourier Transform Infrared Spectrometry (FT-IR)
Characterization. 	e FT-IR spectra of microcrystalline
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cellulose (commercial), DNDC (A0), and the OC products
are shown in Figure 7. )e absorption peak at 3350 cm−1

corresponded to the stretching vibration of O–H, and the
weak peaks at 2920 and 2850 cm−1 were induced by
stretching vibration of–CH2. )e several peaks at 1430 to
1200 cm−1 were due to the stretching of C–H, and peak
about 1060 and 1035 cm−1 were due to the stretching of
C–O–C. )ese absorption peaks are characteristic of cel-
lulose, while the absorption peak at 1640 cm−1 was related to
the H2O bending vibration of the adsorbed water of the
material. )e FT-IR spectra of the OC products were similar
to those of microcrystalline cellulose and DNDC (A0),
except that all of the OC products showed a new absorption
peak at 1724 cm−1, which corresponded to the vibration of
carbonyl group (–C�O), suggesting the formation of car-
boxyl groups in the products.

3.4. Morphology Analysis. In this research, the morphology
of the fiber of the DNDC (A0) and the OC products were
analyzed by scanning electron microscopy (SEM) at 10 kV
with 10 and 35 k magnification and then, the diameter and
size distribution of the fiber were analyzed by using image
visualization software (Image-Pro Plus) from the SEM
images.

)e 10 k magnification of SEM images and diameter size
distribution from SEM images of DNDC (A0) and the OC
products are shown in Figure 8, and higher magnification of
SEM images (35 k) of DNDC (A0) and OC-24 hrs (A4) are
shown in Figure 9. SEM images of DNDC (A0) (Figure 8(a))
revealed a nanofibrous structure, and average diameter size
was about 69.8 nm which is similar with the previous reports
[16, 17]. Moreover, the diameter of the OC products as OC-
6hrs (D1), OC-12hrs (D2), OC-24hrs (A4), OC-36hrs (D3),
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and OC-48 hrs (D4) was 65.4, 64.2, 63.5, 60.5, and 58.3 nm,
respectively. )e diameter size decreased with an increase
of the reaction time because of the hydrolysis of the raw
material by strong acid. )is is a reason to support that the
% yield of the OC decreased with an increase of reaction
time.

On the contrary, the morphology of the fiber of the
natural cotton linter and OC from cotton were also analyzed
by SEM at 10 kV but using 100x magnifications. )e SEM
images and diameter size distribution from SEM images of
the natural cotton linter and OC from natural cotton linter

are shown in Figure 10. )e diameter of the natural cotton
linter also decreased after oxidation reaction. )e average
diameter of the natural cotton linter was 17.3 µm, and their
natural cotton linter oxidized for 6, 12, 24, 36, and 48 hours
was 16.4, 16.4, 15.0, 14.3, and 12.7 µm, respectively. It should
be noted that the diameter of the cellulose fiber of Nata De
Coco was significantly smaller than that of the natural cotton
linter.

3.5. X-RayDiffractionAnalysis. X-ray diffraction patterns of
DNDC (A0) and the OC products are shown in Figure 11.
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)e diffraction patterns of the OC product were similar with
the raw material of DNDC (A0). All of the patterns showing
three distinct peaks at 2θ�14.6°, 16.8°, and 22.9° were, re-
spectively, attributed to the (1 0 1), (1 0 1), and (0 0 2)
reflection planes of the typical cellulose I structure [34, 35].

In addition, characteristic peaks, crystallinity (Xc), and
crystalline index (CrI) are shown in Table 2. )e location of

the characteristic peak of the OC products did not partic-
ularly change from the raw material of DNDC (A0). It could
be concluded that the crystalline form did not change from
HNO3/H3PO4–NaNO2 oxidation process. However, the
crystallinity and crystalline index of the OC products
showed remarkable decrease from the raw material of
DNDC (A0). With an increase of reaction time, the decrease
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Figure 10: SEM images of (a) natural cotton linter and oxidized natural cotton linter for (b) F1, (c) F2, (d) F3, (e) F4, and (f ) F5 and their
diameter size distribution.
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Figure 11: X-ray diffraction patterns of DNDC (A0) and the OC products.
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of crystallinity and crystalline index become slower because
the first stage of oxidation reaction occurs on the amorphous
region and crystalline region surfaces of cellulose. )en, the
oxidation reaction sluggishly penetrates into the crystalline
region and destroyed the crystalline structure of cellulose
gradually [8].

3.6. Degree of Polymerization (DP). )e DP of DNDC (A0)
was about 1,126.6, while the DP of the OC products as OC-
6 hrs (D1), OC-12 hrs (D2), OC-24 hrs (A4), OC-36 hrs

(D3), and OC-48 hrs (D4) was 94.6, 76.3, 74.1, 73.7, and 67.7,
respectively.)eDP of the OC products showed a significant
decrease from the raw material of DNDC (A0) because of
depolymerization of the cellulosic material by strong acid.
Moreover, DP of the OC product decreased with increase of
reaction time suggesting that the hydrolysis of the β-1,4-
glycosidic linkages in the cellulose structure increased with
an increase of reaction time.

3.7. �ermal Analysis. TGA and DGTA curves of DNDC
(A0) and the OC products are shown in Figure 12, and
thermal gravimetric data are also shown in Table 3. All
samples showed a weight loss due to the volatile content on
the surface evaporation between 40 and 125°C, and the
volatile content increased with an increase of reaction time
because the sample with higher carboxyl content had the
greater affinity for molecules of water [10]. )e initial
degradation temperature of the raw material of DNDC (A0)
was about 348°C, which is in the same range with degra-
dation temperature of bacterial cellulose in the previous
report [34–36], due to dehydration and decomposition of
the cellulose molecules. )e initial degradation temperature
of the OC products was lower than that of DNDC (A0).
Moreover, the decomposition patterns became more com-
plex for OC products. )e first step of degradation

Table 2: Characteristic peaks and crystalline parameters of DNDC (A0) and the OC products.

Sample Location of characteristic peak, 2θ
(degrees) Crystallinity (%) Crystalline index (%)

DNDC (A0) 22.84 16.76 14.63 89.29 92.65
OC-6 hrs (D1) 22.90 16.84 14.60 78.23 83.31
OC-12 hrs (D2) 22.75 16.90 14.54 77.20 80.32
OC-24 hrs (A4) 22.95 16.73 14.51 76.01 79.64
OC-36 hrs (D3) 22.92 16.79 14.54 74.94 79.56
OC-48 hrs (D4) 22.86 16.73 14.80 71.34 79.40
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Figure 12: (a) TGA and (b) DGTA curves of DNDC (A0) and the OC products.

Table 3: )ermal gravimetric data of DNDC (A0) and the OC
products.

Sample Volatile
content (%)

Degradation
temperature

(°C) Weight loss at
final stage (%)

Initial
stage

Final
stage

DNDC (A0) 5.74 348 — 77.99
OC-6 hrs (D1) 9.14 218 351 72.85
OC-12 hrs (D2) 9.68 186, 223 345 72.80
OC-24 hrs (A4) 9.87 182, 220 341 72.73
OC-36 hrs (D3) 11.73 178, 223 334 71.83
OC-48 hrs (D4) 11.79 176, 223 339 70.71
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temperature was approximately 176–223°C, and the �nal
state was approximately 223–334°C due to the degradation
of the remaining residue. 	e thermal stability and weight
loss of the OC products are likely to decrease with an in-
crease reaction time.

3.8. Agglutination of Blood Test. 	e results of agglutination
of the blood test on DNDC (A0) and OC-24 hrs (A4) are
shown in Figure 13. 	e thickness of DNDC (A0) and OC-
24 hrs (A4) were 0.15 and 0.19mm, respectively. 	e
DNDC (A0) and OC-24 hrs (A4) were placed on an in-
spection paper. 	en, a drop of blood sample was placed on
the testing sample, and let to stand for 10 minutes. 	e
blood stain was found on the inspection paper after re-
moving the testing sample for DNDC (A0), while the blood
stain was not found in OC-24 hrs (A4). Moreover, the
blood sample on OC-24 hrs (A4) turned into dark brown or
black gel. From the results, it could be concluded that the
OC have the blood agglutinating property due to the ac-
tivation of platelets and the arti�cial clot formation by
combining between the Fe3+ ions in the blood and carboxyl
groups of OC [9].

3.9. Antibacterial Activity. 	e antibacterial activity tests of
DNDC (A0) and OC-24 hrs (A4) are shown in Table 4. 	e
antibacterial performance of OC-24 hrs (A4), which was
evaluated by means of Gram-negative bacterium Escher-
ichia coli ATCC 25922 as representative, indicated that the
reduction of CFU exceeds 99.99%, while the antibacterial
activity property was not observed in DNDC (A0). It
should be concluded that the OC possesses bactericidal
activity [37].

4. Conclusions

	e results showed that the OC nano�ber was prepared from
DNDCwith high % yield by a reaction using a mixture of the
HNO3/H3PO4–NaNO2 system. It was found that the OC
from the reaction at 30°C by using HNO3/H3PO4�1 : 3 of
acid mixture and 1.4% (w/v) of NaNO2 for 24 hours was the
optimum condition for synthesis of the OC. 	e reaction
yielded 83.19% of OC with 20.93% of carboxyl content.
Moreover, the diameter of the �ber showed a great e�ect on
the carboxyl content and % yield. It was found that the
carboxyl content and % yield of the OC from DNDC (A0)
was higher than those of the OC from the cotton linter at the
same oxidizing condition.

Based on a structural analysis, the OC products showed
a nano�brous structure with a diameter about 58.3–65.4 nm,
and the diameter of the �ber decreased gradually with in-
creasing oxidation extent due to the hydrolysis of �ber by
strong acid. 	e FT-IR spectra of the OC products clearly
showed a new absorption peak at 1724 cm−1 from the vi-
bration of –C�O, which suggested the formation of carboxyl
groups after the oxidation reaction. 	e decrease of crys-
tallinity from oxidation process agreed with the decrease of

(a)

(b)

Figure 13: Agglutination of the blood test of (a) DNDC (A0) and (b) OC-24 hrs (A4).

Table 4: Antibacterial activity test of DNDC (A0) and the OC-
24 hrs (A4).

Test organisms
Inoculum

size
(CFU/mL)

Sample Number
(CFU/mL)

%
reduction

Escherichia coli
ATCC 25922 1.59×105

DNDC
(A0) 1.58×105 —

OC-24 hrs
(A4) ≤10 99.99
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degree of polymerization from the hydrolysis of β-1,4-
glycosidic linkages in the cellulose structure. )e TG and DTG
results of OC products showed a weight loss between 40 and
125°C due to the volatile content on the surface evaporation.
)e result revealed the OC products to be less thermally
stable than the DNDC (A0).

In addition, the obtained products showed the blood
agglutinating property by dropping blood on the sample test
and also showed excellent antibacterial activity, thus the
reduction of CFU exceeds 99.99% of Escherichia coli ATCC
25922. It shows that the novel OC nanofiber from Nata De
Coco has a good potential for further applications such as
the medical material or antibacterial material [38–40].
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