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Abstract
Extraction, purification and synthesis of acetylated cassava starch was undertaken. The degree of modification for 

the acetylated (modified) starch was calculated to be 0.03. Physicochemical indices interrogated were all significantly 
(P<0.05) affected by the acetylation. Microstructural studies revealed starches that were predominantly polygonal in 
shape. The FTIR results confirmed introduction of an acetyl group with a new band at 1728 cm-1. The results further 
show that, the modification did not degrade the granule morphology, but x-ray pattern showed increased crystallinity 
in the acetylated derivative. Thermogravimetric analysis and differential scanning calorimetry revealed 2 phase 
decomposition of both starches and improved gelation capacity with new peaks respectively. Rifampicin (RIF) loaded 
starch-stabilized silver nanoparticles yielded good mean particle size (248 nm), polydispersity index (0.276) and zeta 
potential (18.68 mV). There was a significant (P<0.01) sustained release of RIF from the nano formulations up to 14.0 
h. Antimicrobial susceptibility tests show that, the nano formulation exhibited good antimicrobial activity. It is therefore
concluded that, acetylated cassava starch could be a good stabilizer and vehicle for drug delivery. 
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Introduction
Cassava, Manihot esculenta Crantz is an important food crop in 

Nigeria, growing well in all upland conditions from the humid regions 
of the south to the semi-arid regions of the middle belt. Although 
Nigeria is the largest producer of cassava (an abundant source of 
starch) in the world [1], there is no scientifically acceptable processing 
technology, and the Pharmaceutical Industries in Nigeria still import 
100% starch, implying lack of value addition to starch-based sources 
like cassava in Nigeria. 

Starch and starch derivatives play very important roles in 
biopolymer industries [2]. This is because they are cheap, non-toxic, 
renewable and compatible with many other materials for industrial 
applications. Applications in food [3,4], environmental management 
[5,6], agriculture [7], pharmacy [8], biomedical engineering [9] and 
textiles [10] have been reported widely in the literature. Native starch 
are generally unsuitable for many industrial applications largely because 
they are not amenable to the harsh conditions [2]. To overcome this 
shortcoming, modifications are usually done to enhance or repress the 
inherent property of these native starches or to impact new properties 
to meet the requirements for specific applications. Processing 
technology has been reported to affect the biochemical properties of 
starches [2,11-14]. In a separate report, dry processing of Faba beans 
resulted in some cellulose and lignin being present in the starch [12], 
while the use of enzymes in the biosynthesis and isolation of starch 
from three varieties of maize hybrids has been reported to affect its 
biochemical properties [12,13]. As a matter of fact, we opine that, the 
significance of various modifications on starches of different origins 
which has been expounded in the literature [10,13,15-21], would only 
be more meaningful now if we start looking at the application of these 
derivatives in drug delivery, hence this study. 

The therapeutic outcome of drug administration depends to a great 
extent on its effective and efficient release from its dosage form without 
which the disease may aggravate further [22]. A typical example 

of this is witnessed in the case of the first line drugs of tuberculosis. 
Tuberculosis (TB) patients are usually prescribed multiple oral 
administrations of the first line drugs (e.g., rifampicin) daily for at 
least six months. This makes patient adherence to the prescribed drugs 
difficult, thereby precluding effective treatment of the disease [22]. 
There is urgency therefore in not only discovering new drug molecules 
but also for developing new effective drug delivery systems [22]. Such 
a system should have sustained release property in order to facilitate 
the release of the drug over a longer period of time so that multiple 
daily administration of the drug is not required [22,23]. Starch based 
drug delivery systems [24-31] have been proposed with its implicit 
advantages of targeted delivery in enhancing its therapeutic value and 
sustained release minimizing frequent drug dosing [32].

Modified starches also have found useful applications in the 
pharmaceutical, food, paper and textile industries as binders, 
disintegrants, fillers, emulsion stabilizers, adhesives and are currently 
attracting the interest of researchers in this respect. 

The aim of the work reported herein was to undertake a 
comprehensive investigation of the starch obtained from Manihot 
esculentus, secondly, to chemically modify the starch by acetylation 
and investigate the effect of the acetylation on the physicochemical and 
functional properties of the starch and finally to evaluate the ability of 
the acetylated starch to deliver rifampicin appropriately. 
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Materials and Methods
Isolation, purification, modification and characterization of 
starch

Starch extraction and purification was carried out according to the 
method earlier reported by Kunle et al. [33], while the method of Sathe 
and Salunkhe [13] was adopted for the starch acetylation. Both native and 
modified starches were subjected to a comprehensive characterization 
such as degree of acetylation, total and acid insoluble ash, moisture 
content and pH, angle of repose, bulk and tapped densities, Hausner’s, 
compressibility and solubility indices, amylose and amylopectin, foam, 
emulsion and water absorption capacities, gelatinization temperature, 
scanning electron microscopy (SEM), x-ray powder diffraction (XRD), 
Fourier transform infrared spectroscopy (FTIR), differential scanning 
calorimetry (DSC) and thermogravimetric Analyses (TGA) [34-37]. 

Drugs, organisms and reagents

Materials: The raw materials used in this study were native cassava 
starch (NCS), acetylated cassava starch (ACS) and Rifampicin (RIF) was 
a gift from Lupin Pharmaceutical, India, cassava starch was extracted 
and derivatized in our laboratories. E. coli (ATCC 35218), S. aureus 
(ATCC 29213), P. aeruginosa (ATCC 27853), two M. tuberculosis 
isolates; IEQ12 and MDR204 were used in the study. All other reagents 
were of analytical grade obtained from standard companies. Three 
clinical isolates; K. pneumonia, S. paratyphi, C. albicans were obtained 
from the Microbiology Laboratory of the University of Abuja Teaching 
hospital.

Microbiological procedure

For drug sensitivity testing, BACTEC MGIT 960 was used following 
manufacturers manual. Standard concentrations of streptomycin, 
rifampicin, Isoniazid and Ethambutol as well as the nanoformulations 
were prepared into the MGIT tube to obtain the following final drug 
concentrations in the medium: 1.0 ug/ml for Streptomycin, 0.1 ug/ml 
for Isoniazid, 1.0 ug/ml for Rifampicin, 5.0 ug/ml for Ethambutol, 40 
and 80 ug/ml for ACS. The instrument did the final interpretation and 
reported the susceptibility results automatically.

Preparation of silver-drug-starch (Ag/drug/starch) 
nanocomposites

To gelatinized starch dispersion, 1 M AgNO3 was added under 
constant stirring for 1 h, followed by the drug to obtain [Ag (drug/
Starch)] +. A 20 ml aliquot of a freshly prepared sodium borohydride 
(NaBH4) was then added to the sol and the mixture was heated to 40 
°C and was maintained at this temperature for 24 h. Then, obtained 
suspension of Ag/drug/Starch nanocomposites was lyophilized.

Effect of nanoparticles on Antimicrobial Activity

The disk inhibition zone assay was used to qualitatively evaluate 
the antimicrobial activity of the nanocomposites using the method of 
Pelissari et al. [38]. The optimized nanocomposite formulation with 
and without (control) RIF and silver nitrate were aseptically placed 
on plates containing Mueller-Hinton (MHA) agar which had been 
previously spread with 0.1 mL of inocula, each containing 108 CFU 
mL-1 of bacterial cultures, previously standardized using the McFarland 
scale. The plates were incubated at 37°C for 24 h. The diameter of the 
growth inhibition zones around the nanocomposites was measured 
using a pachymeter. The assay was repeated six times for the optimized 
formulation and six additional times on a different day with the 
formulation, to ensure reproducibility of results. The reported MIC 

correspond to at least three identical values out of six measurements. 
The RIF concentration in the optimized formulation used was 80 µg/ml.

Statistical analysis

Statistical analysis was carried out using analysis of variance 
(ANOVA) using GraphPad Prism® (GraphPad Software Inc. San Diego, 
USA). Tukey-Kramer’s multiple comparison tests was used to compare 
the physicochemical parameters of the starches. At 95% confidence 
interval, P-values less than or equal to 0.05 were considered significant. 

Results and Discussion 
Table 1 shows the organoleptic properties of the starches. The color 

was generally off white and the powder had a gritty, non-sticky feel 
with bland taste. Generally, starch modification was found to reduce 
the physicochemical indices interrogated in this study. For example, 
the foam capacity of ACS was found to be 10.00%, which was lower 
than that of NCS (15.60%), while the emulsion capacity of ACS which 
was found to be 75.00% was higher than that of NCS (53.10%). 

Microstructurally, there was no discernible differences between 
the native and acetylated starches (Figure 1). Similarly, as can be seen 
from Figure 2, the X-ray pattern of the native and acetylated starches 
are significantly similar. All the samples gave the characteristic A 
pattern with strong peaks at about 15, 17, 18, 19 and 23o θ. The DSC 
thermograms for NCS and ACS are shown in Figure 3 respectively 
and the corresponding parameters are tabulated in Table 2. Both 
starches showed two endothermic peaks and one enxothermic peak. 
The peaks however, became slightly sharper after acetylation. All these 
observations point to the fact that, this modification did not have 
destructive effect on the starch. The infrared spectra of the NCS and 
ACS are shown in Figure 4. The results of Thermo gravimetric analysis 
for NCS and ACS are presented in Figure 5. Acetylation was found 
to increase the swelling capacity of the starch significantly (P<0.05) 
implying that there was weakening of associative forces in the starch 
molecules. Similar observations have been reported in the literature 
including a previous study reported from our lab [2,22,39,40]. 
The degrees of crystallinity were 49.3 and 53.3% for NCS and ACS 
respectively, suggesting that, acetylation did not have any significant 
effect on the crystallinity of cassava starch. The To, Tp and Tc were 
respectively 90.6, 93.5 and 95.3°C for NCS, and 87.3, 88.1 and 90.1°C 
for ACS. The gelatinization enthalpies (δH) were 29.48 and 18.72 J/g 
for NCS and ACS respectively.

Antibiotic susceptibility tests for four first line drugs and the 
nanocomposites (NC) at concentrations of 40 µg/ml and 80 µg/

                  

          A                                                     B 

Figure 1: SEM of native (A) and acetylated (B) cassava starches.
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ml as well as the formulations without the drug (nRIFForm) and 
silver (nAgForm) against drug resistant strains of Mycobacterium 
tuberculosis using BACTEC Mycobacteria Growth Indicator Tube 
(MGIT) 960 system is represented in Table 3. From the results, both 
isolates IEQ 12 and MDR 204 were susceptible to Rifampicin and the 
NC at the interrogated concentrations (40 µg/ml and 80 µg/ml). Both 
M. tuberculosis isolates were resistant to ethambutol, isoniazid and 
streptomycin as well as the formulations without drug and silver. The 
minimum inhibitory concentrations (µg/ml) of the NC against some 
pathogenic microorganism are shown in Table 4. The NC showed an 
MIC of 5000 µg/ml against Klebsiella pneumonia, E. coli, S. aureus, C. 
albicans, S. paratyphi and MIC of 2500 µg/ml against P. aeruginosa. Its 

MIC against M. tuberculosis was 3800 µg/ml. The formulations without 
drug and silver did not exhibit any zone of inhibition, hence was not 
measured. 

Both NCS and ACS were dried under the same condition, therefore, 
the reduction in moisture content may be as a result of the substitution 
of the hydroxyl groups on the starch molecules as found also in other 
previous reports [2]. The reduction observed with the total and acid 
insoluble ash after acetylation may be attributed to the washing away 
of the mineral contents of the starches during acetylation [41]. The 
decrease in pH of cassava starch after acetylation was not unexpected 
as the introduction of acetyl groups on the starch molecules was 
expected to increase the acidity of starch molecules. The increase in 
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Figure 2: X-ray diffractogram of native (A) and acetylated (B) cassava starches.
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Figure 3:  DSC thermograms of native (A) and acetylated (B) cassava starches.
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Figure 4: FTIR spectra of native (A) and acetylated (B) cassava starches.
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Figure 5: TG thermograms of native (A) and acetylated (B) cassava starches.

swelling introduced after acetylation is very important especially in 
the application of this starch as a vehicle in drug delivery, while the 
enhanced emulsion capacity of ACS suggests that the acetylated starch 
could find application as an emulsifier in the food and pharmaceutical 
industries [42].

Microstructural studies

The botanical and biological origin of starch serves as a determining 
factor in the granule shape, size and morphology. Different types of 
starches have been reported to have different morphologies ranging 
from oval, spherical, polygonal to irregular shapes [2,33,42-45]. Figure 

1 shows the SEM for NCS and ACS respectively. In our investigation, no 
obvious differences were observed in the morphology of the native and 
acetylated starch. The physiology and/or degree of starch modification 
have been suggested as factors responsible for such observation. 
Worthy of note too is the fact that, we have equally reported a similar 
observation in our lab [2,41].

The thermograms for NCS and ACS are shown in Figure 3 and 
the corresponding parameters are tabulated in Table 2. The results in 
Figure 3 suggests some increase in crystallinity [43,46]. The additional 
endothermic peaks noticed in ACS samples is indicative of granule 
swelling and crystallite melting occurring over the gelatinization range 
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[43]. The gelatinization values are consistent with those reported for 
other starches [43,47,48]. The onset, peak, and conclusion temperatures 
of gelatinization of ACS were observed to be lower than that of NCS. 
The results obtained from the X-ray diffraction studies indicated that 
the degree of crystallinity of NCS increased after acetylation (Figure 2) 
corroborating the DSC (Table 2) results which showed the introduction 
of two new endothermic peaks (Figure 3). Thus it was concluded that 
acetylation may have increased the crystalline regions of the starch, 
confer thermal and structural stability and at the same time, conferring 
faster gelatinization on the starch. The results from XRD and TGA 
studies substantiated the fact that the associative forces, which stabilize 
the granule structure in NCS were weak, but strengthened following 
the modification. 

Infrared spectrometry

Figure 4 shows the infrared spectra for NCS and ACS. The band 
stretch around 3420-3538 cm-1 is attributed to hydrogen-bonded 
hydroxyls on the starch molecules. The band at 2929-2931 cm-1 is 
attributed to CH2 symmetrical stretching vibrations. In the native 
cassava starch, the band at 1648 cm-1 is assigned to scissoring of 
two O–H bonds of absorbed water molecules. The bands at 856 and 
764 cm-1 are due to skeletal stretching vibrations of starch. In the 
acetylated starch, the weak peak at 2379 cm-1 describes the -NH- in 
the starch molecule, the sharp band displayed at about 1648 cm-1 may 
be due to the stretching vibration of carbonyl group. The new band 
introduced at 1728 cm-1 confirms that acetylation took place on the 
starch molecules [49]. 

Thermal stability

In our case, two step thermograms were noticed in both the native 
and acetylated starches (Figure 5). The ACS showed decompositions 
to be 10 and 75% successively. The studies indicate that the maximum 
degradation occurred within the range 100-350°C. Successive 
decompositions for NCS were 10 and 70%. Similarly, the range of 
maximum decomposition was within 100-350°C. The TGA result 
showed that there was a slight decrease in the thermal stability of the 
modified starch and this corroborates our DSC results. The difference 
in the decomposition pattern of the two starches was not significant as 
about 75% of the acetylated starch decomposed within the similar range 
where 70% of the native starch decomposed. The reason for the slightly 
higher IDT of ACS is the heterogeneity that results after modification 
[41]. Although increase in thermal stability after acetylation has been 
reported for other polysaccharides such as hemicelluloses [50], the 
result obtained showed that, the degree of acetylation of starch may 
be responsible for the extent of thermal stability conferred. “The 
main decomposition mechanism of starch is the dehydration reaction 
between starch hydroxyls; this suggests that the smaller the amount 
of hydroxyl group left on the starch, the more stable it becomes. 
This position was corroborated in the higher thermal stability of 
methylcellulose compared with the unmodified cellulose” [50].

Synthesis of silver nanoparticles and preparation of 
nanocomposites 

Silver nanoparticles was synthesized rapidly within 15 min of 
incubation period. The aqueous silver nitrate solution turned to deep 
brown color within 15 min, with the addition of NaBH4 (Figure 6). The 
intensity of the brown color increased gradually from about 5 to 15 min 
incubation period. This behavior has been attributed to the excitation 
of surface plasmon resonance (SPR) effect and reduction of AgNO3 
[51]. The characteristic absorption peak at 400 nm in UV–vis spectrum 
(Figure 7) confirmed the formation of silver nanoparticles. “The SPR 
patterns which is characteristics of metal nanoparticles strongly depend 
on particle size, stabilizing molecules or the surface adsorbed particles 
and the dielectric constant of the medium” [51]. It was observed that, 
the single SPR band in the early stages of synthesis corresponding to the 
absorption spectra of spherical nanoparticles was more pronounced in 
formulations containing the acetylated starch than the native starch 
(Figure 7), implying that, the modified starch had little or no inhibitory 
effect on the synthesis, therefore a better additive in this preparation. 
The nanocomposites prepared with ACS yielded mean particle size of 
248 nm, polydispersity index of 0.276 and zeta potential value of 18.68 
mV. The corresponding values for nanocomposites prepared with NCS 

S/N Parameters Native Cassava 
Starch

Acetylated Cassava 
Starch

1 Total ash (%) 0.30 ± 1.21 0.10 ± 2.10
2 Water-soluble ash (%) 0.00 ± 0.00 0.00 ± 0.00
3 Acid insoluble ash (%) 0.05 ± 0.00 0.00 ± 0.00
4 True density (g/ml) 1.74 ± 0.02 1.54 ± 0.01

5 Amylose: amylopectin ratio 
(%) 20.32 ± 1.20 18.11 ± 0.66

6 Angle of repose (o) ND 19.67 ± 5.19
7 Degree of substitution NA 0.03 ± 0.02
8 pH 6.96 ± 0.64 6.65 ± 0.22
9 Bulk density (g/ml) 0.50 ± 0.00 0.67 ± 0.01

10 Tapped density (g/ml) 0.70 ± 0.00 0.84 ± 0.00
11 Moisture content (%) 14.00 ± 0.40 8.00 ± 0.01

12 Gelatinization temperature 
(oC) 125.1 77.2

13 Foam capacity (%) 15.60 ± 0.00 10.00 ± 0.00
14 Emulsion capacity (%) 53.10 ± 0.18 75.00 ± 0.10

15 Water absorption capacity 
(%) 120.00 ± 3.11  870.40 ± 5.00 

ND; could not be determined, NA; not applicable. NCS; native cassava starch, 
ACS; acetylated cassava starch

Table 1: Some physicochemical properties of NCS and ACS starches.

Parameter NCS ACS
Onset temperature (T0) (°C) 123.7 65.4
Peak temperature (Tp) (°C) 125.1 77.2;107.5;118.8

Conclusion temperature (Tc) (°C) 124.6 71.8
Enthalpy of Gelatinization [J/(g*K)] 228.46 16.5

∆T (Tc-T0) 0.9 6.4
Peak Height Index (PHI) 0.64 0.54,0.15,0.12

NCS: Native Cassava Starch, ACS: Acetylated Cassava Starch.

Table 2: Thermal properties of NCS and ACS starches.

Drugs
Isolate

IE Q12 MDR 204
Streptomycin R R

Isoniazid R R
Rifampicin S S
Ethambutol R R

NCS R R
nRIFForm R R
nAgForm  R R

NC 40µg/ml S S
NC 80µg/ml S S

nRIFForm: Formulation without Drug, nAgForm: Formulation without Silver, NC: 
Nanocomposite, NCS: Native Cassava Starch

Table 3: Susceptibility of M. tuberculosis isolates as determined by the BACTEC 
MGIT 960 system.
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were 390 nm, 0.229 and 4.88 mV respectively. There was no significant 
change in these values after 28 days, confirming the increased stability 
of the ACS nanoformulation. 

Drug resistance in tuberculosis is no doubt a global problem and a 
major threat to the wellbeing of humans and in the opinion of Lange 

et al. [52], the emergence and alarming increase in the proliferation 
and spread of multidrug-resistant (MDR) strains of Mycobacterium 
tuberculosis (M. tuberculosis) is substantially challenging the goal of 
elimination of TB in the 21st century. Determination of M. tuberculosis 
susceptibility to anti tuberculosis drugs is therefore considered a 
key step in laboratory diagnosis of the disease [53]. In this study the 
multidrug resistant isolates of M. tuberculosis were susceptible to the 
nanocomposites at a concentration of 40-80 µg/mL, implying that, the 
formulation retained its anti-tuberculous properties. The study also 
revealed the antimicrobial properties of the formulation on common 
pathogenic microorganisms implicated in infection of humans. The NC 
showed a broad spectrum of antimicrobial activity, with effect on Gram 
positive and Gram negative bacteria as well as yeast. The inhibitory 
action of the NC was strongest on Pseudomonas aeruginosa with MIC 
of 2500 µg/mL. Pseudomonas aeruginosa has been reported as the most 
common cause of infections of burn injuries and of the external ear 
alongside S. aureus [54]. Candida albicans has been the most prevalent 
pathogens in systemic fungal infection. They are implicated in superficial 
and systemic diseases in immunocompromised patients [55]. None of 
the formulations without drug or silver exhibited antimicrobial effects 
on any of the tested organisms. The enhanced antimicrobial property 
of the NC in addition to its traditional antimycobacterial effect may 
be attributed to the synergistic effect of the silver nanoparticles. The 
antimicrobial properties of silver nanoparticles even when present as 
part of a complex composite has been previously reported in literature 
[56-58]. As expected, the antimicrobial reference standards used for 
comparison; ciprofloxacin and fluconazole consistently displayed 
superior potency when compared with the NC. 

Sample
MIC (µg/ml)

K. pneumonia E. coli S. aureus P. aeruginosa S. paratyphi C. albicans M. tuberculosis
NC 5000 5000 5000 2500 5000 5000 3800

Ciprofloxacin 1.0 0.5 0.5 1.0 0.5 - -
nAgForm NM NM NM NM NM NM NM
nRIFForm NM NM NM NM NM NM NM

Fluconazole - - - - - 2.0 -
Rifampicin - - - - - - 0.625

nRIFForm: Formulation without Drug, nAgForm: Formulation without Silver, NC: Nanocomposite, NM: Not Measured because, there was no Zone of Inhibition. The 
activity of pure Fluconazole and RIF were reported for comparison. MIC values (micrograms per milliliter) were calculated based on the actual RIF concentration in the 
sample. Incubation time: 24 h

Table 4: Minimum inhibitory concentration (MIC) of the optimized NC against some pathogenic microorganisms.
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Figure 6: Stepwise preparation of Ag/drug/starch nanocomposites (A; starch suspension, B; starch suspension with drug/silver nitrate/NaBH4 at 2 min, C; starch 
suspension with drug/silver nitrate/NaBH4 at 15 min). 
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Figure 7: UV-visible absorption spectra of silver – starch – drug nanocomposites 
suspension (A) native starch (B) Acetylated starch.
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In vitro drug release studies
Figure 8 shows the in vitro release parameters from the 

nanocomposite preparation. The values for the time for 10 and 50% 
of the drug to be released (T10 and T50 respectively) as well as the 
maximum cumulative drug released (Cmax) were used to characterize 
the nanocomposite release performance [58]. The time for 10% of 
rifampicin to be released in simulated gastric fluid (SGF) was 5.5 h. The 
corresponding T10 value was found to be 6.0 h in simulated intestinal 
fluid (SIF). Drug release was initially faster in the acidic medium of 
SGF for about 6 h, but rapidly changed after this time with release 
becoming faster in the alkaline SIF. Drug release from SIF was two-fold 
that of SGF after 6 h. The maximum cumulative drug released after 14 
h was 40 and 60% for SGF and SIF respectively. From this result, the 
nanocomposite is less stable in acidic environment of the dissolution 
medium than in the alkaline SIF. Although the RIF is generally known 
to be highly soluble at low pH of SGF if the temperature is maintained 
at 37°C, its stability is however erratic at this pH as it may convert 
to its quinone [57,58]. The observed behavior of the drug from the 
nanocomposite in both SGF and SIF, i.e. the retarded dissolution rate 
observed at the acidic medium of the SGF and the enhanced released at 
the alkaline medium of the SIF may not be connected to the inherent 
property of the drug alone, but rather, due to a combination of factors; 
complex interaction between the polymer, metallic nanoparticles of 
silver and the drug, pH of the dissolution medium and solubility of 
the polymer as well as the drug in the dissolution medium. In fact, the 
scanning electron micrograph (Figure 9B) with a spongy-like network 
shows that, a new gel network capable of immobilizing a drug has been 
formed, unlike the discrete mass in Figure 9A, which could allow a 
faster drug release. The drug may also have had an increased solubility 
in SIF and therefore resulted in higher quantities of the drug diffusing 
into the dissolution medium. There was a significant (P<0.01) sustained 

release of RIF from the nanoformulation up to 14 h. The cumulative 
drug released at 14 h was 40 and 60% in SGF and SIF respectively and 
this surely corroborates the higher release rate noticed in SIF due to 
faster rate of diffusion of drug from the nanocomposite.

Conclusions
Starch obtained from Manihot esculentus was subjected to 

modification by acetylation and some physicochemical properties 
of both the native and modified starches determined. Acetylation 
had a very significant effect on the water absorption capacity and 
solubility of the starch, suggesting that the acetylated cassava starch 
may be a potential disintegrant in solid dosage formulations in the 
pharmaceutical industry. The modified starch was used as a stabilizer in 
Rifampicin nano drug delivery with significant extended release profile 
and antimicrobial activity.
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Figure 9: (A) Rifampicin-loaded native starch nanocomposite (B) Rifampicin-
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http://www.sciencedirect.com/science/article/pii/S0141813014002529
http://www.sciencedirect.com/science/article/pii/S0141813014002529
http://www.sciencedirect.com/science/article/pii/S0141813014002529
http://www.sciencedirect.com/science/article/pii/S0141813014003857
http://www.sciencedirect.com/science/article/pii/S0141813014003857
http://www.sciencedirect.com/science/article/pii/S0141813014003857
http://www.ncbi.nlm.nih.gov/pubmed/25697673
http://www.ncbi.nlm.nih.gov/pubmed/25697673
http://www.ncbi.nlm.nih.gov/pubmed/25697673
http://www.ncbi.nlm.nih.gov/pubmed/25439896
http://www.ncbi.nlm.nih.gov/pubmed/25439896
http://www.ncbi.nlm.nih.gov/pubmed/25439896
http://www.sciencedirect.com/science/article/pii/S0308814602001000
http://www.sciencedirect.com/science/article/pii/S0308814602001000
http://www.sciencedirect.com/science/article/pii/S0308814602001000
http://www.sciencedirect.com/science/article/pii/S0144861705000317
http://www.sciencedirect.com/science/article/pii/S0144861705000317
http://www.sciencedirect.com/science/article/pii/S0144861705000317
http://onlinelibrary.wiley.com/doi/10.1002/jsfa.2740630317/abstract
http://onlinelibrary.wiley.com/doi/10.1002/jsfa.2740630317/abstract
http://onlinelibrary.wiley.com/doi/10.1002/jsfa.2740630317/abstract
http://onlinelibrary.wiley.com/doi/10.1002/%28SICI%291521-379X%28199912%2951:11/12%3C422::AID-STAR422%3E3.0.CO;2-S/full#references
http://onlinelibrary.wiley.com/doi/10.1002/%28SICI%291521-379X%28199912%2951:11/12%3C422::AID-STAR422%3E3.0.CO;2-S/full#references
http://onlinelibrary.wiley.com/doi/10.1002/%28SICI%291521-379X%28199912%2951:11/12%3C422::AID-STAR422%3E3.0.CO;2-S/full#references
http://staff.ui.ac.id/system/files/users/arry.yanuar/publication/jmsarry923-929.pdf
http://staff.ui.ac.id/system/files/users/arry.yanuar/publication/jmsarry923-929.pdf
http://staff.ui.ac.id/system/files/users/arry.yanuar/publication/jmsarry923-929.pdf
http://www.ncbi.nlm.nih.gov/pubmed/15848056
http://www.ncbi.nlm.nih.gov/pubmed/15848056
http://www.ncbi.nlm.nih.gov/pubmed/15848056
http://www.ncbi.nlm.nih.gov/pubmed/11451500
http://www.ncbi.nlm.nih.gov/pubmed/11451500
http://www.ncbi.nlm.nih.gov/pubmed/11451500
http://www.ajol.info/index.php/ajfand/article/view/84209
http://www.ajol.info/index.php/ajfand/article/view/84209
http://www.ajol.info/index.php/ajfand/article/view/84209
http://www.ajol.info/index.php/ajfand/article/view/84209
http://www.ncbi.nlm.nih.gov/pubmed/19831281
http://www.ncbi.nlm.nih.gov/pubmed/19831281
http://www.ncbi.nlm.nih.gov/pubmed/19831281


Citation: Christianah I, Rodrigues A, Ijeoma O, Judith O, Mercy A, et al. (2016) Rifampicin-loaded Silver-starch Nanocomposite for the Treatment of 
Multi-resistant Tuberculosis. J Nanomed Nanotechnol 7: 374. doi:10.4172/2157-7439.1000374

Page 8 of 8

J Nanomed Nanotechnol
ISSN: 2157-7439 JNMNT, an open access journal

Volume 7 • Issue 3 • 1000374

15. Franciele MP, Maria VEG, Fabio Y, Edgardo AGP (2009) Antimicrobial, 
Mechanical, and Barrier Properties of Cassava Starch-Chitosan Films 
Incorporated with Oregano Essential Oil. J Agric Food Chem 57: 7499-7504. 

16. Geresh S, Gdalevsky GY, Gilboa I, Voorspoels J, Remon JP, et al. (2004) 
Bioadhesive grafted starch copolymers as platforms for peroral drug delivery: a 
study of theophylline release. J Control Release 94: 391-399.

17. Golachowski A, Zięba T, Kapelko-Żeberska M, Drożdż W, Gryszkin A, et al. 
(2015) Current research addressing starch acetylation. Food Chem 176: 350-
356.

18. Ihegwuagu EN, Omojola OM, Emeje MO, Kunle OO (2009) Isolation and 
Evaluation of some physicochemical properties of Parkia biglobosa starch. 
Pure and Applied Chemistry 81: 97-104. 

19. Isaeva Y, Bukatina A, Krylova L, Nosova E, Makarova M, et al. (2013) 
Determination of critical concentrations of moxifloxacin and gatifloxacin for drug 
susceptibility testing of Mycobacterium tuberculosis in the BACTEC MGIT 960 
system. J Antimicrob Chemother 68: 2274-2281.

20. Kalita RD, Nath Y, Emeje MO, Buragohain AK (2013) Extraction and 
characterization of microcrystalline cellulose from fodder grass; Setaria glauca 
(L) P. Beauv, and its potential as a drug delivery vehicle for isoniazid, a first 
line antituberculosis drug. Colloids and Surfaces B: Biointerfaces 108: 85-89. 

21. Khan MSA, Ahmad I, Cameotra SS (2013) Phenyl aldehyde and propanoids 
exert multiple sites of action towards cell membrane and cell wall targeting 
ergosterol in Candida albicans. AMB Express 3: 54. 

22. Krishnaiah YSR, Veer Raju P, Dinesh KB, Bhaskar P, Satyanarayana V (2001) 
Development of colon targeted drug delivery systems for mebendazole. Journal 
of Controlled Release 77: 87-95. 

23. Krishnaraj C, Jagan EG, Rajasekar S, Selvakumar P, Kalaichelvan PT, et al. 
(2010) Synthesis of silver nanoparticles using Acalypha indica leaf extracts 
and its antibacterial activity against water borne pathogens. Colloids Surf B 
Biointerfaces 76: 50-56.

24. Kunle OO, Ibrahim YE, Emeje MO, Shaba S, Kunle Y (2003) Extraction, 
physicochemical and compaction properties of tacca starch - a potential 
pharmaceutical excipient. Starch-Stärke 55: 319-325. 

25. Lange C, Abubakar I, Alffenaar JC, Bothamley G, Caminero JA, et al. (2014) 
Management of patients with multidrug-resistant/extensively drug-resistant 
tuberculosis in Europe: a TBNET consensus statement. Eur Respir J 44: 23-63. 

26. Adebowale KO, Lawal OS (2002) Effect of annealing and heat moisture 
conditioning on the physicochemical characteristics of Bambarra groundnut 
(Voandzeia subterranea) starch. Nahrung 46: 311-316.

27. Lawal O, Adebowale KO (2003a) Functional properties and retrogradation 
behavior of native and chemically modified starch of mucuna bean (Mucuna 
pruriens). Journal of the science of Food and Agriculture 83: 1541-1546. 

28. Lawal O, Adebowale KO (2003b) Microstructure, physicochemical properties 
and retrogradation behaviour of mucuna bean (Mucuna pruriens) starch on 
heat moisture treatment. Food Hydrocolloids 17: 265-272. 

29. Lawal O (2004) Composition, physicochemical properties and retrogradation 
characteristics of native, oxidised, acetylated and acid thinned new cocoyam 
(Xanthosoma sagittifolium) starch. Food Chemistry 87: 205-218. 

30. Lawal OS, Adebowale KO (2005) Physicochemical characteristics and thermal 
properties of chemically modified jack bean (Canavalia ensiformis) starch. 
Carbohydrate Polymers 60: 331-341. 

31. Lawal OS, Lechner MD, Kulicke WM (2008) The synthesis conditions, 
characterizations and thermal degradation studies of an etherified starch from 
an unconventional source. Polymer Degradation and Stability 93: 1520-1528. 

32. Lefnaoui S, Moulai-Mostefa N (2015) Synthesis and evaluation of the structural 
and physicochemical properties of carboxymethyl pregelatinized starch as a 
pharmaceutical excipient. Saudi Pharm J 23: 698-711.

33. Longe OG, Agunbiade SO (1999) The physico-functional characteristics of 
starches from cowpea (Vigna unguiculata). Pigeon pea (Cajanus cajan) and 
yambean (Sphenostylis stenocarpa). Food Chemistry 65: 469-474. 

34. Maggi N, Pallanza R, Sensi P (1965) New derivatives of rifamycin SV. 
Antimicrob Agents Chemother (Bethesda) 5: 765-769.

35. Maggi N, Pasqualucci CR, Ballotta R, Sensi P (1966) Rifampicin: a new orally 
active rifamycin. Chemotherapy 11: 285-292.

36. Makhtar NSM, Rais MFM, Rodhi MN, Muhd BN, Musa M, et al. (2013) Tacca 
Leontopetaloides Starch: New Sources Starch for Biodegradable Plastic. 
Procedia Engineering 68: 385-391. 

37. Manek R, Kunle O, Emeje M, Builders P, Rama G, et al. (2005) Physical, 
thermal and sorption profile of starch obtained from Tacca leontopetaloides. 
Starch/Starke 57: 55-61. 

38. Manek RV, Builders PF, Kolling WM, Emeje M, Kunle OO (2012) 
Physicochemical and binder properties of starch obtained from Cyperus 
esculentus. AAPS PharmSciTech 13: 379-388.

39. Manuel JF, Balangcod TD, Patacsil MC, Laruan LMV, Gallato CG (2012) 
Suppression of growth of some medically important bacterial pathogens 
(Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa and 
Salmonella thyphimurium) with plant extracts of selected indigenous semi 
temperate medicinal plants in the Philippines. Tangkoyob 6: 1-12. 

40. Marina C, Rita AR (1997) Isolation and Physicochemical Characterization 
Fonio (Digitaria exilis Stapf) Starch. Starch/Starke 49: 131-135. 

41. Mihaela F, Maria CL, Tien IP, Mateescu MA (2013) Carboxymethyl starch 
and lecithin complex as matrix for targeted drug delivery: I. Monolithic 
Mesalamine forms for colon delivery. European Journal of Pharmaceutics and 
Biopharmaceutics 85: 521-530. 

42. Milojevic S, Newton JM, Cummings JH, Gibson GR, Louise BR, et al. (1996a) 
Amylose as a coating for drug delivery to the colon: Preparation and in vitro 
evaluation using 5-aminosalicylic acid pellets. Journal of Controlled Release 
38: 75-84. 

43. Milojevic S, Newton JM, Cummings JH, Gibson GR, Louise BR, et al. (1996b) 
Amylose as a coating for drug delivery to the colon: Preparation and in vitro 
evaluation using glucose pellets. Journal of Controlled Release 38: 85-94. 

44. Muazu J, Musa H, PG Bhatia (2010) Evaluation of the Glidant Property of Fonio 
Starch. Research Journal of Applied Sciences, Engineering and Technology 
2: 149-152. 

45. Musa H, Muazu J, Bhatia PG, Mshelbwala K (2008) Investigation into the use 
of Fonio (Digitaria exilis) starch as a tablet disintegrant. Nigerian Journal of 
Pharmaceutical Sciences 67: 78. 

46. Nwokocha LM, Senan C, Williams PA (2011) Structural, physicochemical 
and rheological characterization of Tacca involucrata starch. Carbohydrate 
Polymers 86: 789-796. 

47. Emeje MO, Rodrigues A (2012) Starch: from food to medicine: Intech Open 
Access Publisher. 

48. Odeku OA, Alabi CO (2007) Evaluation of native and modified forms of 
Pennisetum glaucum (millet) starch as disintegrant in chloroquine tablet 
formulations. Journal of Drug Delivery Science and Technology 17: 155-158. 

49. Osanyilusi S, Daramola B (2006) Investigation on modification of cassava 
starch using active components of ginger roots (Zingiber officinale Roscoe). 
African Journal of Biotechnology 5: 917-920. 

50. Ranjan DK, Yutika N, Martins EO, Alak KB (2013) Extraction and 
characterization of microcrystalline cellulose from fodder grass; Setaria glauca 
(L) P. Beauv, and its potential as a drug delivery vehicle for isoniazid, a first 
line antituberculosis drug. Colloids and Surfaces B: Biointerfaces 108: 85-89. 

51. Ratnayake WS, Hoover R, Shahidi F, Perera C, Jane J (2001) Composition 
molecular structure, and physicochemical properties of starches from four field 
pea (Pisium sativum L.) Cultivars. Food Chem 74: 189-202. 

52. Salunkhe DK, Sathe SK (1981) Isolation, partial characterization and 
modification of the great Northern Bean (Phaseolus vulgaris L.) Starch. J Food 
Sci 46: 617-621. 

53. Sathe SK, Rangnekar PD, Deshpande SS, DK Salunkhe (1982) Isolation and 
partial characterization of Black Gram (Phaseolus mungo L.) Starch. J Food 
Sci 47: 1524-1527. 

54. Shalaby WS, Kishore RS (1991) Chemical Modifications of Natural Polymers 
and Their Technological Relevance Water-Soluble Polymers. American 
Chemical Society 467: 74-80. 

55. Woggum T, Sirivongpaisal P, Wittaya T (2014) Properties and characteristics 
of dual-modified rice starch based biodegradable films. Int J Biol Macromol 67: 
490-502.

56. Wolf BW, Bauer LL, Fahey GC Jr (1999) Effects of chemical modification on in 
vitro rate and extent of food starch digestion: an attempt to discover a slowly 
digested starch. J Agric Food Chem 47: 4178-4183.

57. Xiao HB, Sun ZL, Zhou N (2012) 3,5,8-tetrahydroxyxanthone regulates ANGPTL3-
LPL pathway to lessen the ketosis in mice. Eur J Pharm Sci 46: 26-31.

58. Zhu F (2015) Composition, structure, physicochemical properties, and 
modifications of cassava starch. Carbohydr Polym 122: 456-480.

http://pubs.acs.org/doi/abs/10.1021/jf9002363
http://pubs.acs.org/doi/abs/10.1021/jf9002363
http://pubs.acs.org/doi/abs/10.1021/jf9002363
http://www.ncbi.nlm.nih.gov/pubmed/14744489
http://www.ncbi.nlm.nih.gov/pubmed/14744489
http://www.ncbi.nlm.nih.gov/pubmed/14744489
http://www.ncbi.nlm.nih.gov/pubmed/25624243
http://www.ncbi.nlm.nih.gov/pubmed/25624243
http://www.ncbi.nlm.nih.gov/pubmed/25624243
http://www.degruyter.com/view/j/pac.2009.81.issue-1/pac-con-08-01-21/pac-con-08-01-21.xml
http://www.degruyter.com/view/j/pac.2009.81.issue-1/pac-con-08-01-21/pac-con-08-01-21.xml
http://www.degruyter.com/view/j/pac.2009.81.issue-1/pac-con-08-01-21/pac-con-08-01-21.xml
http://www.ncbi.nlm.nih.gov/pubmed/23788475
http://www.ncbi.nlm.nih.gov/pubmed/23788475
http://www.ncbi.nlm.nih.gov/pubmed/23788475
http://www.ncbi.nlm.nih.gov/pubmed/23788475
http://www.sciencedirect.com/science/article/pii/S0927776513001367
http://www.sciencedirect.com/science/article/pii/S0927776513001367
http://www.sciencedirect.com/science/article/pii/S0927776513001367
http://www.sciencedirect.com/science/article/pii/S0927776513001367
http://download.springer.com/static/pdf/559/art%253A10.1186%252F2191-0855-3-54.pdf?originUrl=http%3A%2F%2Famb-express.springeropen.com%2Farticle%2F10.1186%2F2191-0855-3-54&token2=exp=1462427672~acl=%2Fstatic%2Fpdf%2F559%2Fart%25253A10.1186%25252F2191-0855-3-54.pdf*~hmac=ecf09f7afb60e76563e797e3110c6108a2e8982a93246c272f10bd7e655262a5
http://download.springer.com/static/pdf/559/art%253A10.1186%252F2191-0855-3-54.pdf?originUrl=http%3A%2F%2Famb-express.springeropen.com%2Farticle%2F10.1186%2F2191-0855-3-54&token2=exp=1462427672~acl=%2Fstatic%2Fpdf%2F559%2Fart%25253A10.1186%25252F2191-0855-3-54.pdf*~hmac=ecf09f7afb60e76563e797e3110c6108a2e8982a93246c272f10bd7e655262a5
http://download.springer.com/static/pdf/559/art%253A10.1186%252F2191-0855-3-54.pdf?originUrl=http%3A%2F%2Famb-express.springeropen.com%2Farticle%2F10.1186%2F2191-0855-3-54&token2=exp=1462427672~acl=%2Fstatic%2Fpdf%2F559%2Fart%25253A10.1186%25252F2191-0855-3-54.pdf*~hmac=ecf09f7afb60e76563e797e3110c6108a2e8982a93246c272f10bd7e655262a5
http://www.sciencedirect.com/science/article/pii/S0168365901004618
http://www.sciencedirect.com/science/article/pii/S0168365901004618
http://www.sciencedirect.com/science/article/pii/S0168365901004618
http://www.ncbi.nlm.nih.gov/pubmed/19896347
http://www.ncbi.nlm.nih.gov/pubmed/19896347
http://www.ncbi.nlm.nih.gov/pubmed/19896347
http://www.ncbi.nlm.nih.gov/pubmed/19896347
http://onlinelibrary.wiley.com/doi/10.1002/star.200390067/full
http://onlinelibrary.wiley.com/doi/10.1002/star.200390067/full
http://onlinelibrary.wiley.com/doi/10.1002/star.200390067/full
http://erj.ersjournals.com/content/44/1/23.short
http://erj.ersjournals.com/content/44/1/23.short
http://erj.ersjournals.com/content/44/1/23.short
http://www.ncbi.nlm.nih.gov/pubmed/12428444
http://www.ncbi.nlm.nih.gov/pubmed/12428444
http://www.ncbi.nlm.nih.gov/pubmed/12428444
http://onlinelibrary.wiley.com/doi/10.1002/jsfa.1569/abstract?userIsAuthenticated=false&deniedAccessCustomisedMessage=
http://onlinelibrary.wiley.com/doi/10.1002/jsfa.1569/abstract?userIsAuthenticated=false&deniedAccessCustomisedMessage=
http://onlinelibrary.wiley.com/doi/10.1002/jsfa.1569/abstract?userIsAuthenticated=false&deniedAccessCustomisedMessage=
http://www.sciencedirect.com/science/article/pii/S0268005X02000760
http://www.sciencedirect.com/science/article/pii/S0268005X02000760
http://www.sciencedirect.com/science/article/pii/S0268005X02000760
http://www.sciencedirect.com/science/article/pii/S0308814603006162
http://www.sciencedirect.com/science/article/pii/S0308814603006162
http://www.sciencedirect.com/science/article/pii/S0308814603006162
http://www.sciencedirect.com/science/article/pii/S0144861705000317
http://www.sciencedirect.com/science/article/pii/S0144861705000317
http://www.sciencedirect.com/science/article/pii/S0144861705000317
http://www.sciencedirect.com/science/article/pii/S0141391008001560
http://www.sciencedirect.com/science/article/pii/S0141391008001560
http://www.sciencedirect.com/science/article/pii/S0141391008001560
http://www.ncbi.nlm.nih.gov/pubmed/26702266
http://www.ncbi.nlm.nih.gov/pubmed/26702266
http://www.ncbi.nlm.nih.gov/pubmed/26702266
http://www.sciencedirect.com/science/article/pii/S0308814698002003
http://www.sciencedirect.com/science/article/pii/S0308814698002003
http://www.sciencedirect.com/science/article/pii/S0308814698002003
http://www.ncbi.nlm.nih.gov/pubmed/4956802
http://www.ncbi.nlm.nih.gov/pubmed/4956802
http://www.ncbi.nlm.nih.gov/pubmed/5958716
http://www.ncbi.nlm.nih.gov/pubmed/5958716
http://www.sciencedirect.com/science/article/pii/S187770581302050X
http://www.sciencedirect.com/science/article/pii/S187770581302050X
http://www.sciencedirect.com/science/article/pii/S187770581302050X
http://onlinelibrary.wiley.com/doi/10.1002/star.200400341/full
http://onlinelibrary.wiley.com/doi/10.1002/star.200400341/full
http://onlinelibrary.wiley.com/doi/10.1002/star.200400341/full
http://www.ncbi.nlm.nih.gov/pubmed/22350737
http://www.ncbi.nlm.nih.gov/pubmed/22350737
http://www.ncbi.nlm.nih.gov/pubmed/22350737
http://onlinelibrary.wiley.com/doi/10.1002/star.19970490403/full
http://onlinelibrary.wiley.com/doi/10.1002/star.19970490403/full
http://www.sciencedirect.com/science/article/pii/S0939641113000957
http://www.sciencedirect.com/science/article/pii/S0939641113000957
http://www.sciencedirect.com/science/article/pii/S0939641113000957
http://www.sciencedirect.com/science/article/pii/S0939641113000957
http://www.sciencedirect.com/science/article/pii/0168365995001123
http://www.sciencedirect.com/science/article/pii/0168365995001123
http://www.sciencedirect.com/science/article/pii/0168365995001123
http://www.sciencedirect.com/science/article/pii/0168365995001123
http://www.sciencedirect.com/science/article/pii/0168365995001131
http://www.sciencedirect.com/science/article/pii/0168365995001131
http://www.sciencedirect.com/science/article/pii/0168365995001131
http://www.cabdirect.org/abstracts/20103322365.html;jsessionid=E27F5ED696B915C27CEFE6F973BE88DA
http://www.cabdirect.org/abstracts/20103322365.html;jsessionid=E27F5ED696B915C27CEFE6F973BE88DA
http://www.cabdirect.org/abstracts/20103322365.html;jsessionid=E27F5ED696B915C27CEFE6F973BE88DA
http://www.njps.net/pdf/9.pdf
http://www.njps.net/pdf/9.pdf
http://www.njps.net/pdf/9.pdf
http://www.sciencedirect.com/science/article/pii/S0144861711004048
http://www.sciencedirect.com/science/article/pii/S0144861711004048
http://www.sciencedirect.com/science/article/pii/S0144861711004048
http://www.sciencedirect.com/science/article/pii/S1773224707500249
http://www.sciencedirect.com/science/article/pii/S1773224707500249
http://www.sciencedirect.com/science/article/pii/S1773224707500249
http://www.ajol.info/index.php/ajb/article/view/42937
http://www.ajol.info/index.php/ajb/article/view/42937
http://www.ajol.info/index.php/ajb/article/view/42937
http://www.sciencedirect.com/science/article/pii/S0927776513001367
http://www.sciencedirect.com/science/article/pii/S0927776513001367
http://www.sciencedirect.com/science/article/pii/S0927776513001367
http://www.sciencedirect.com/science/article/pii/S0927776513001367
http://www.sciencedirect.com/science/article/pii/S0308814601001248
http://www.sciencedirect.com/science/article/pii/S0308814601001248
http://www.sciencedirect.com/science/article/pii/S0308814601001248
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1981.tb04924.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1981.tb04924.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1981.tb04924.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1982.tb04974.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1982.tb04974.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1982.tb04974.x/abstract
http://www.ncbi.nlm.nih.gov/pubmed/24680811
http://www.ncbi.nlm.nih.gov/pubmed/24680811
http://www.ncbi.nlm.nih.gov/pubmed/24680811
http://www.ncbi.nlm.nih.gov/pubmed/10552787
http://www.ncbi.nlm.nih.gov/pubmed/10552787
http://www.ncbi.nlm.nih.gov/pubmed/10552787
http://www.ncbi.nlm.nih.gov/pubmed/22342712
http://www.ncbi.nlm.nih.gov/pubmed/22342712
http://www.ncbi.nlm.nih.gov/pubmed/25817690
http://www.ncbi.nlm.nih.gov/pubmed/25817690

	Title
	Corresponding author
	Abstract 
	Keywords
	Introduction
	Materials and Methods 
	Isolation, purification, modification and characterization of starch 
	Drugs, organisms and reagents: Drugs and reagents 
	Microbiological procedure 
	Preparation of silver-drug-starch (Ag/drug/starch) nanocomposites 
	Effect of nanoparticles on Antimicrobial Activity 
	Statistical analysis 

	Results and Discussion  
	Microstructural studies 
	Infrared spectrometry 
	Thermal stability 
	Synthesis of silver nanoparticles and preparation of nanocomposites  
	In vitro drug release studies 

	Conclusions
	Acknowledgements
	Table 1
	Table 2
	Table 3
	Table 4
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Figure 8
	Figure 9
	References

