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Abstract 

This review examines the use of microparticles or microspheres for targeted lung therapy, utilizing 
natural polymers as inhalable microsphere polymers. Polysaccharides are safe, biodegradable, 
biocompatible, bioadhesive, and capable of forming hydrogel systems, making them strong candidates 
for use in drug delivery systems. The use of microparticles is expected to enhance the efficiency of 
lung-targeted therapy, as it can reduce drug dosage, provide a faster onset, decrease systemic side 
effects, bypass the gastrointestinal tract, and improve direct drug delivery to the infected organ area in 
the lung. This article discusses the physical characteristics of microspheres from polysaccharide 
polymers derived from different materials. Optimal inhalation microspheres are spherical particles, with 
sizes ranging from 1 – 5 µm, moisture content <10 %, good flowability, high yield, high encapsulation 
efficiency, high loading capacity, sustained release, large lung deposition, high potential for macrophage 
uptake and biological activity. Konjac glucomannan contains a mannan group that stimulates the 
interaction of mannan receptors, which are commonly found on the surface of macrophages, making it a 
suitable polymer for targeted inhalation microspheres aimed at alveolar macrophages. However, konjac 
glucomannan has a relatively high molecular weight and viscosity, even at low concentrations. 
Therefore, it must be depolymerized first to reduce both molecular weight and viscosity, so that they can 
produce particle sizes appropriate for inhalation microspheres. The hydrolytic method of konjac 
glucomannan can be carried out through physicochemical degradation methods, such as irradiation, 
sonication, acid treatment, or combination of two or more methods. Enzymatic hydrolysis can also be 
performed using β-mannase enzymes from Aspergillus niger or Penicilium funiculosum.  
 
Keywords: Inhalation microspheres, Konjac glucomannan, Spray drying, Polysaccharides 

 

This is an Open Access article that uses a funding model which does not charge readers or their institutions 
for access and distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0) and the Budapest Open Access Initiative 
(http://www.budapestopenaccessinitiative.org/read), which permit unrestricted use, distribution, and 
reproduction in any medium, provided the original work is properly credited. 

Tropical Journal of Pharmaceutical Research is indexed by Scopus, Chemical Abstracts, Embase, Index 
Copernicus, EBSCO, African Index Medicus, JournalSeek, Directory of Open Access Journals 
(DOAJ), African Journal Online, Bioline International, Open-J-Gate and Pharmacy Abstracts 

 

INTRODUCTION 
 

Konjac glucomannan, a fiber biomaterial, is a 
polymer produced from an extraction process 
from the tuber of Amorphophallus konjac plant 
from the Araceae family [1]. It has the potential to 

be used as a therapy for diabetes, obesity, 
constipation, and cancer and possesses anti-
inflammatory and antioxidant properties. This 
polysaccharide polymer is also biodegradable, 
biocompatible, and bioadhesive [2] and has the 
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ability to form a heat-resistant gel and a film 
layer, which is safe and easy to renew [3]. 
 
Polysaccharides are macromolecular polymers of 
natural materials, generally composed of 10 or 
more monosaccharides. They have long and 
branched glycoside bonds with similar and 
compound molecular arrangements, and their 
molecular weight is generally from 103 to 106 
Daltons [4]. Currently, polysaccharides isolated 
from natural materials such as plants, animals, 
fungi, and seaweed are in great demand due to 
their proven pharmacological activities, including 
antitumor and anticancer [5,6], antioxidant and 
immunostimulant [4,7], and anti-inflammatory 
effects [8]. 
 
Polysaccharides such as sodium alginate, 
chitosan, carrageenan, xanthan gum and konjac 
glucomannan are biocompatible, biodegradable 
and bioadhesive, such that they can be used as 
drug delivery systems [9]. Konjac glucomannan 
is also able to reduce azoxymethane (AOM)-
induced genotoxicity by decreasing the damage 
to deoxyribonucleic acid (DNA) caused by 
accumulation of reactive oxygen species (ROS) 
[10]. In addition, konjac glucomannan has very 
low toxicity profile, can be modified, is non-
immunogenic, safe and good for pharmaceutical 
applications [11,12]. Polysaccharide polymers 
such as konjac glucomannan also have 
numerous hydroxyl groups, enabling them to 
absorb and bind large amounts of water or 
biological fluids, a characteristic known as 
hydrogel property [13]. 
 
Hydrogel-based polysaccharides have the ability 
to better encapsulate the active ingredients of 
drugs so that they can be used as microsphere 
drug delivery systems [14]. Encapsulation 
process in the microsphere system has been 
proven to be effective in loading drugs without 
changing the structure and activity of the drug, 
but it may have an impact on particle size [15]. 
Microsphere systems can be designed for local 
or systemic purposes. They can also be 
designed for targeted delivery systems such as 
pulmonary delivery systems, often called 
pulmospheres or inhalation microspheres. 
Inhalation microspheres have distinctive 
characteristics with aerodynamic particle size 
requirements so that they can be deposited into 
their target sites in the lungs, particularly the 
alveoli. The lung is an organ with a very large 
absorption surface area and a thin epithelial 
barrier, making it an effective route for drug 
delivery [16]. 
 
 

Potential of polysaccharides as polymers in 
inhalation microspheres 
 
Polysaccharides are natural polymers that are 
biodegradable, non-toxic, safe, and 
mucoadhesive. Polysaccharides as polymers of 
targeted drug treatment systems in the lungs 
must be purified and have physical 
characteristics that do not damage the lungs 
because the lungs are sensitive organs where 
the accumulation of foreign objects will cause the 
organs to malfunction, such that airflow becomes 
ineffective [17]. The drug delivery system in the 
lung can be designed using a microsphere 
system, often referred to as inhalation 
microspheres. Inhalation microspheres are drug 
delivery systems in the form of encapsulated 
microparticles containing a certain amount of 
drugs, with an aerodynamic particle size of 1 – 5 
µm [18]. Such microspheres with an 
aerodynamic diameter (Daer) of 1 – 5 μm have a 
high probability of reaching the small airways in 
the alveoli [19]. Aerodynamic diameter depends 
on the characteristics of the geometric diameter, 
density, shape and morphology of the particle 
surface [20]. Several studies have discussed 
lung-targeted microspheres with polysaccharide 
polymers, including chitosan, sodium alginate, 
carrageenan and konjac glucomannan [21-23]. 
Polysaccharide polymers such as chitosan and 
sodium alginate are mucoadhesive and interact 
with mucin, allowing them to function as 
penetration enhancers. In addition, in the 
presence of divalent cations such as Ca2+, Ba2+, 
and Zn2+, alginate has the ability to form a three-
dimensional cross-linking network with water as 
a dispersion medium, enabling it to expand and 
serve as a controlled-release drug delivery 
system [24,25]. Kappa carrageenan and konjac 
glucomannan have recently been shown to be 
effective as inhalation microsphere polymers, 
triggering interactions with macrophages [26,27]. 
 
Physicochemical characteristics of inhalation 
microspheres, such as particle shape, particle 
size, mucoadhesive properties, specific gravity, 
flow properties, lung deposition ability, 
entrapment efficiency, drug loading and release 
profile, are factors that determine therapeutic 
success through the inhalational route. Inhalation 
microspheres with an aerodynamic diameter 
(Daer) of 1 – 5 μm have a high likelihood of 
depositing their contents in the small airways and 
are targeted to reach the alveoli [19]. The table 
below illustrates the influential relationship 
between the type of polysaccharide polymer, 
active ingredient used, manufacturing method, 
and the results of the physicochemical 
characteristics of inhalation microspheres (Table 
1 and Table 2). 
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Table 1: Physicochemical characteristics of inhalation microspheres with polysaccharide polymers 
 

Polymers and 
Characteristics 

Active 
ingredients 

Method  
Characteristics of inhalation 
microspheres 

References 

Sodium alginate 
(Negative charge; 
mucoadhesive; 
Hydrogel;) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Isoniazid 
 
  

Ionic gelation and 
spray drying 

Spherical particles; particle size with 
aerodynamic diameter (1.23±0.07μm);  yield 
(26.45%); and trapping efficiency (53.34%)  

[28] 

Ciprofloxacin 
 
 
 
 
  

Ionic gelation with 
the aerosolization 
technique 
 
  

Particle size (1.23-1.43µm); yield (70.63-
82.94%); particles exhibited a spherical 
morphology; trapping efficiency (27.39-
80.74%); drug loading (2.82%-4.13%); drug 
released reached (80-100%) after 24 hours in 
Phosphate Buffered Saline (PBS) medium  
  

[29] 

Quercetin 
 
 
 
  

Ionic gelation with 
the aerosolization 
technique 
  

Spherical particles; particle size (1.2-1.7µm); 
yield (40.8-58.8%); trapping efficiency (4.15-
93.8%); drug loading amounted to (4.11-
5.49%); drug release after 600 minutes 
ranges from (25.6-30.64%)  

[22] 

Paclitaxel 
  

Emulsification and 
Ionic gelation  

Particle size (<5µm); particle volume (2-
10µm); trapping efficiency (35-61%); drug 
loading (7.8-19.5%). 
  

[30] 

Rifampicin  Spray drying  
Particle size (6.2-6.6 µm); yield (60%); drug 
loading (62.1-71.2%);   

[31] 

Ciprofloxacin 
 
  

Ionic gelation with 
aerosolization 
technique 

Particle size (<3µm); yield (>71%); trapping 
efficiency (14-95%); drug loading (15-79%) [32] 

 

Potential of konjac glucomannan as polymers 
in inhalation microspheres 
 
Konjac glucomannan is one of the 
polysaccharides that has great potential as a 
polymer for targeted drug delivery system in the 
lungs. Recently, studies of lung-targeted 
microspheres with konjac glucomannan polymers 
have been shown to be very effective because 
they have mannan groups (mannose units) that 
can increase the interaction of polymers with 
macrophages through mannose receptors 
present in alveolar macrophages [26]. Konjac 
glucomannan are non-ionic polysaccharide 
bound to acetyl groups through β-1,4 and β-1,6 
glycoside bonds at D-glucose and D-mannose, 
respectively [41,42]. 
 
Although konjac glucomannan is hydrophilic, it 
has low solubility, which limits its use in 
pharmaceutical applications. This is due to its 
high molecular weight arising from the presence 
of acetyl groups and branching in its structure. 
Depolymerization is a strategy used to reduce 
the molecular weight and viscosity of 
glucomannan, and this can be achieved through 
physicochemical or enzymatic degradation. 
Physicochemical degradation is carried out by 
irradiating with γ-rays, which are generally at a 
dose of 10 kGy [43], and can also be increased 

in dose up to 100 kGy [44]. In order to increase 
the degradation effectiveness of γ-rays, it can be 
combined with the dissolution of hydrogen 
peroxide, which functions as a free radical that 
breaks the glycosidic bond [45]. Physicochemical 
degradation can also be done by ultrasonication, 
thermal, or acid hydrolysis. Acid hydrolysis with 
hydrochloric acid (HCL) will be more effective if 
combined with sonication hydrolysis [46]. 
Previous reports show enzymatic degradation of 
konjac glucomannan using β-mannase from 
Bacillus spp., Aspergillus niger, or Penicilium 
funiculosum [47,48]. The chemical structures of 
konjac glucomannan before and after hydrolysis 
are depicted in Figures 1 and 2. 
 
The degradation method of konjac glucomannan 
(KGM) and the results of konjac glucomannan 
hydrolysis are shown in Table 3 and Table 4. 
Based on studies by Wattanaprasert [48], the 
preparation of microencapsulated microspheres 
using konjac glucomannan polymer requires 
hydrolysis, as even low concentrations of konjac 
glucomannan result in high viscosity, which 
inhibits the spray drying process. 
Andrographolide was used as the active 
ingredient in the study and spray drying, done at 
inlet and outlet temperatures of 170˚C and 85˚C, 
respectively, resulted in an encapsulation 
percentage of 46.63%.
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Table 2: Physicochemical characteristics of inhalation microspheres with polysaccharide polymers 
 

Polymers and 
Characteristics 

Active 
ingredients 

Method  
Characteristics of inhalation 

microspheres 
References 

Chitosan (Positive 
charge; 
mucoadhesive; 
Permeation 
enhancer)  

Ofloxacin Emulsification 
Spherical particle; particle size (1-
6µm); drug loading (27%). 

[33] 

Levofloxacin 
Ionic gelation and 
Spray drying 

Spherical particle; MMAD (5µm); 
drug loading (>90%). 

[34] 

Quercetin 
and 
Paclitaxel 

Spray drying 
Trapping efficiency (92.6-90.3%); 
drug loading amounted to (5.36-
14.79%). 

[35] 

Rifampicin 
and 
Rifabutin 

Ionic gelation and 
spray drying 

Particle size (<5µm); drug loading 
with the active ingredient rifabutin 
(70-89%); drug loading with the 
active ingredient rifampicin (45-
60%). 

[36] 

Kappa Carrageenan 
(Negative charge; 
mucoadhesive: 
hydrogel; 
Macrophage 
targeting) 

Isoniazid 
and 
Rifabutin 

Spray drying 

Volume diameter (7.0µm); 
Isoniazid entrapment efficiency 
(96.3%); rifabutin entrapment 
efficiency (74.4%); drug loading 
isoniazid (8.4%); rifabutin 
entrapment efficiency (3.2%). 

[27] 

Ciprofloxacin 
Ionic gelation with 
aerosolization 
technique 

Spherical particle; particle size 
(1.4-1.6 µm); yield (36.42-
89.33%); drug loading (13-18%). 

[29] 

Gelatin (Positive 
charge; 
mucoadhesive) 

Ciprofloxacin Spray drying 
Particle size (2.61-2.79µm); 
trapping efficiency (94.6–100%); 
drug loading (1-4.73%). 

[37] 

Rifabutin 
and 
Isoniazid 

Spray drying 

Spherical particle; particle size 
(4.89µm); yield (48.8%); rifabutin 
entrapment efficiency (51%); 
isoniazid entrapment efficiency 
(22%). 

[38] 

Guar seeds (Neutral; 
Macrophage 
targeting) 

Isoniazid Spray drying 
Spherical particle; particle size 
(3.53µm); yield (30.3%); trapping 
efficiency (51.3%). 

[39] 

Galactomannan/ 
locust bean gum 
(Neutral; hydrogel; 
Macrophage 
targeting) 

Rifabutin 
and 
Isoniazid  

Spray drying 

MMAD isoniazid (6.2±0.6); MMAD 
rifabutin (5.8±0.3); Drug loading 
of isoniazid (8.2±0.3%); drug 
loading of rifabutin (4.4±0.1%); 
association efficiency isoniazid 
(94±3%); association efficiency 
rifabutin (102±1%). 

[40] 

Konjac Glucomannan 
(Neutral; hydrogel; 
Macrophage 
targeting) 

Isoniazid 
and 
Rifabutin 

Spray drying 

Aerodynamic diameter (1.71µm), 
acceptable for inhalation; 
encapsulation percentage of 
isoniazid (88.1%) and 
encapsulation percentage of 
rifabutin (92.4%); drug loading of 
isoniazid (7.7%); drug loading of 
rifabutin (4%). 

[21] 

MMAD: mass median aerodynamic diameter 
 

Also, inhalation microspheres were prepared 
using konjac glucomannan polymers that had 
been previously degraded by the acid hydrolysis 
method in a study conducted by Guerreiro [56]. 
The active ingredients used as model drugs in 
this study were a combination of isoniazid and 
rifabutin, and the method of producing 
microspheres was by spray drying with an inlet 
temperature condition of 180˚C ± 1˚C, air flow 
rate set at 473 L/h, 90% aspirator, and spraying 
with a flow rate of 0.8 mL/min. Microspheric 

results with spherical morphology in a size range 
of 1.87 ± 2.11 to 2.24 ± 2.18 µm were obtained. 
Based on aerodynamic characteristics with 
cascade impactor, it shows that microspheres 
could be well dispersed in the lungs, where the 
emitted dose was above 90 %, Mass of Median 
Aerodynamic Diameter (MMAD) was 
approximately 3 µm with entrapment efficiency 
ranging from 65.9 ± 2.6 % – 90.5 ± 3.4 % while 
drug loading ranged from 2.6 ± 0.1 % – 13.0 ± 
0.6 %. Also, particle size < 5 µm has a great 
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chance of reaching the alveolar zone [57]. In 
addition, particle sizes ranging from 1 – 3 µm are 
very beneficial in inhalation preparations 
because they enhance phagocytosis by 
macrophages in the alveolar [58]. Alveolar 
macrophages are pivotal to phagocytosis of self 
or foreign bodies in the lungs, and this process is 
strongly influenced by particle size, particle 

shape, and deformability. The physiology of 
particle size (1 - 3 µm) and interaction of 
receptors with polymers are very important in 
phagocytosis [59]. A knowledge of the physiology 
and biology of phagocytosis in alveolar 
macrophages can be used as a model of drug 
delivery systems targeted to macrophages.

 

 
 
Figure 1: Chemical structure of konjac glucomannan 
 

  
 
Figure 2: Chemical structure resulting from hydrolysis of konjac glucomannan, separated by arrows 
 
Table 3: Konjac glucomannan hydrolysis methods 
 

Hydrolytic 
method 

Hydrolysis procedure KGM hydrolysis results References 

Enzymatic  
(β-mannase) 

β-Mannase from Bacillus sp. 
with an activity of 30 000 IU/g. 
Then using 1500 units of 
mananase dissolved in solution 
90.95% (w/w), 87.95% (w/w), 
84.95% (w/w) and 81.95% (w/w)  

Concentration of KGM affects the 
viscosity of KGMH: KGM 18% produces 
a viscosity of 285.08±9.20 mPa.s; KGM 
15% produces a viscosity of 167.60±.03 
mPa.s; KGM 12% produces a viscosity 
of 49.48±6.83 mPa.s; KGM 9% 
produces a viscosity of 11.82±0.76 
mPa.s 

[48] 

Enzymatic  
(β-mannase) 

β-Mannase 150 and 250 U/g 
were dispersed in 0.1 M sodium 
acetate buffer solution (pH 5) 
with KGM concentrations of 20% 
and 40% at 70°C, 1000 rpm for 
5, 15 and 25 minutes 

Most optimal result: KGM 40%, enzyme 
mannanse 250 U/g, 15 minutes yield 
viscosity of 852.50 mPa.s.; KGM 20%, 
enzyme mannase 150U/g, 5 minutes 
yield viscosity of 124.35 mPa.s 

[49] 

Physicochemical 
γ-rays: 10, 20 and 100 kGy, with 
H2O2 solution 

Most effectively, 10 kGy produces a 
molar ratio of Mannose: Glucose: 2.2:1, 
Acetyl content 2.07±0.41%, Sugar 
content 93.2±3.06%, and Moisture 
content: 7.01±0.38% 

[44] 

Physicochemical 
interaction with 
hydrogen 
peroxide 

Laser irradiation assisted with 
hydrogen peroxide at power of 
10 W, with hydrogen peroxide 
being added to KGM solutions. 

Viscosity of KGM decreased from 8.38 
to 2.26 Pa.s. Molecular weight (Mw) of 
KGM also decreased from molecular 
weight (Mw) 7.6×10⁵ to 5.7×10⁵ Da 

[50] 
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Table 4: Konjac glucomannan hydrolysis methods 
 

Hydrolytic 
Method 

Hydrolysis procedure KGM hydrolysis results References 

Physicochemical  Ultrasonication for 60 min 
The molecular weight of KGM was 
decreased 
  

[51] 

Physicochemical  
Acid hydrolysis with Hydrochloric 
acid 

The molecular weight of KGM decreased 
from 1,234×10³ Da to 8,029-1,130 Da, 
with viscosity decreasing to 200-300 
mPa.s. 
  

[52] 

Physicochemical 
(Subcritical 
Water 
Treatment) 

KGM is dispersed in water and 
stirred for 1 hour. Then it is 
introduced into a stainless steel 
vessel and heated at several 
temperatures, namely 160°C, 
180°C, 200°C, 220°C, or 240°C 
for 10 minutes.  

Before the white KGM solution color 
treatment, viscosity of KGM was 150 
mPa.s with a molecular weight of 500-
2,000 kDa.  
After the hydrolysis process, the color 
changes. At 160-200°C yellowish, at 
220-240°C dark brown. Viscosity 
decreased from 150 to 10 mPa.s. 
Decrease in sugar (from 5.0 to 2.3 g/L). 
The treatment at 220°C can be 
considered the optimal condition for 
obtaining konjac glucomannan-derived 
oligosaccharides with several degrees of 
polymerization and yield.  

[53] 

Physicochemical 
(Ultrasonic 
degradation) 

KGM 10 g/L in water. Ultrasonic 
conditions with 40% or 80% 
amplitude for (2, 5, 10, 20, 40 
and 60 min). 
  

Viscosity dropped from 50 Pa.s to 10 
Pa.s after 10-20 minutes of sonication. 
Molecular weight of 4.096x10-5 after 10 
minutes of sonication  
and 1.646x10-5 after 40 minutes of 
sonication with US Power amplitude 50 
W/cm 2 (80%)  

[54] 

Physicochemical 
(Acid hydrolysis) 

KGM (2%) was dispersed in 
sulfuric acid (2.8 M). 
The suspension was kept at 40°C 
while shaken at 150 rpm. Sodium 
azide was added to the 
suspension before storage at 4°C 
  

Konjac glucomannan microcrystals of 
15µm with amorphous structure were 
obtained 

[55] 

Physicochemical 
(Ultrasound-
mediated acid 
hydrolysis) 

Thirty-five grams (35g) of KGM 
was suspended in absolute 
ethanol as much as 250 mL and 
36.7% HCL was added (20 mL) 
and sonicated for 60 minutes at 
45 kHz. The mixture was filtered 
and washed with 70% ethanol 
until a neutral pH was obtained. 
The mixture was stored overnight 
in the oven for 48 hours at 50°C. 

Degradation of KGM using acid 
hydrolysis and sonication methods was 
more effective, resulting in a molecular 
weight of 5.60x10 Da with a viscosity of 
37.61 Pa.s. Degradation of KGM by acid 
hydrolysis alone, without sonication, 
resulted in a molecular weight of 6.11x10 
Da with a viscosity of 732.55 Pa.s. 
Meanwhile, if only by sonication without 
acid hydrolysis, it produces a molecular 
weight of 6.26x10 Da with a viscosity of 
1323.5 Pa.s 

[46] 

KGM: konjac glucomannan; KGMH: konjac glucomannan hydrolysate 
 

Konjac glucomannan polymer has also been 
shown to interact with human receptors on the 
surface of macrophages and successfully 
demonstrated access of antituberculosis drugs to 
macrophages to inhibit or kill Mycobacterium 
tuberculosis effectively. In this study, it was also 
explained that konjac glucomannan is able to 
swell with simulated pulmonary fluid after 20 
minutes. Lung fluid simulation can be made with 
a mixture of substances, including cholesterol, 
Immunoglobulin G, ascorbate, transferrin, 

gentamicin, albumin, 1,2-dipalmitoyl-sn-glycero-
3-phosphocholine, 1,2-dipalmitoyl-sn-glycero-3-
phospho-rac (1-glycerol) ammonium salt, urate, 
glutathione and Hanks' Balanced Salt Solution 
[60]. Moreover, it was also mentioned that the 
release test showed that the drug was released 
more slowly from the pulmonary fluid simulation 
medium than from the water or methanol 
medium. The drug started to detach from the 
pulmonary fluid simulation media after 45 
minutes, reaching 82 – 84 % after 12 hours, and 
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94 – 99 % after 24 hours. Based on this study, it 
is necessary to develop konjac glucomannan 
polymer as a carrier for the inhalational route 
delivery system, especially for diseases involving 
alveolar macrophages, such as tuberculosis 
treatments or vaccines. 
 

CONCLUSION 
 
Konjac glucomannan falls into the category of 
polysaccharides suitable for application as 
polymers in inhalation microsphere drug delivery 
systems. The polymers are safe, biodegradable, 
biocompatible, non-toxic, bioadhesive, hydrogel-
forming and capable of forming a film layer. 
Notably, it possesses a mannose unit that 
potentially increases its interaction with 
macrophages through mannose receptors. 
However, konjac glucomannan polymers need to 
be depolymerized or degraded by hydrolysis 
before application. The hydrolytic degradation 
method can be carried out through 
physicochemical degradation methods, such as 
irradiation, sonication, acid treatment, or 
combinations thereof. Enzymatic hydrolysis can 
also be performed using β-mannase enzymes 
from Aspergillus niger or Penicilium funiculosum. 
Based on the results of the above study, acid 
hydrolysis method is more effective and low cost 
for reducing molecular weight and viscosity for 
the subsequent spray drying process. 
 

DECLARATIONS 

 

Acknowledgement/Funding 

 

None. 

 

Ethical approval 

 

None provided. 

 

Use of Artificial intelligence/Large language 

models 

 

We also declare that we did not use Generative 

artificial intelligence (AI) and AI-assisted 

technologies in writing the manuscript. 

 

Availability of data and materials 

 

The datasets used and/or analyzed during the 

current study are available from the 

corresponding author on reasonable request. 

 

 

 

Conflict of interest 

 

No conflict of interest is associated with this 

work. 

 

Contribution of authors 

 

We declare that this work was done by the 

author(s) named in this article, and all liabilities 

pertaining to claims relating to the content of this 

article will be borne by the authors. All authors 

made significant contributions to the writing of 

this article, participated in reviewing/editing and 

approved the final draft for publication. 

 

REFERENCES 
 

1. Ray RC, Behera SS. Amorphophallus: Technological 

Interventions. 2016 

2. Kapoor DU, Sharma H, Maheshwari R, Pareek A, Gaur 

M, Prajapati BG, Castro GR, Thanawuth K, 

Suttiruengwong S, Sriamornsak P. Konjac 

glucomannan: A comprehensive review of its extraction, 

health benefits, and pharmaceutical applications. 

Carbohydrate Polymers 2024; 339: 122266. 

https://doi.org/10.1016/j.carbpol.2024.122266 

3. Guo L, Yokoyama W, Chen L, Liu F, Chen M, Zhong F. 

Characterization and physicochemical properties 

analysis of konjac glucomannan: Implications for 

structure-properties relationships. Food Hydrocolloids 

2021; 120: 106818. 

https://doi.org/10.1016/j.foodhyd.2021.106818  

4. Jin W, Xu W, Li Z, Li J, Zhou B, Zhang C, Li B. Degraded 

konjac glucomannan by γ-ray irradiation assisted with 

ethanol: Preparation and characterization. Food 

Hydrocolloids 2014; 36: 85–92. 

https://doi.org/10.1016/j.foodhyd.2013.09.005  

5. Choromanska A, Kulbacka J, Rembialkowska N, Pilat J, 

Oledzki R, Harasym J, Saczko J. Anticancer properties 

of low molecular weight oat beta-glucan – An in vitro 

study. Int J Biol Macromol 2015; 80: 23–28. 

https://doi.org/10.1016/j.ijbiomac.2015.05.035  

6. Fan S, Zhang J, Nie W, Zhou W, Jin L, Chen X, Lu J. 

Antitumor effects of polysaccharide from Sargassum 

fusiforme against human hepatocellular carcinoma 

HepG2 cells. Food Chem Toxicol 2017; 102: 53–62. 

https://doi.org/10.1016/j.fct.2017.01.020  

7. Di T, Chen G, Sun Y, Ou S, Zeng X, Ye H. Antioxidant 

and immunostimulating activities in vitro of sulfated 

polysaccharides isolated from Gracilaria rubra. J Funct 

Foods 2017; 28: 64–75. 

https://doi.org/10.1016/j.jff.2016.11.005  

8. Gao, M.; Zhang, W.; Ma, Y.; Liu, T.; Wang, S.; Chen, S.; 

Wang, Z.; Shen, H. Bioactive Polysaccharides Prevent 

Lipopolysaccharide-Induced Intestinal Inflammation via 

Immunomodulation, Antioxidant Activity, and Microbiota 

Regulation. Foods 2025, 14, 2575. 

https://doi.org/10.3390/foods14152575. 

9. Muir VG, Burdick JA. Chemically Modified Biopolymers 

for the Formation of Biomedical Hydrogels. Chem Rev 



Nailufa et al 

Trop J Pharm Res, January 2026; 25(1): 122 

2021; 121(18): 10908–10949. 

https://doi.org/10.1021/acs.chemrev.0c00923  

10. Jian W, Tu L, Wu L, Xiong H, Pang J, Sun Y. 

Physicochemical properties and cellular protection 

against oxidation of degraded Konjac glucomannan 

prepared by γ-irradiation. Food Chem 2017; 231: 42–50. 

https://doi.org/10.1016/j.foodchem.2017.03.121  

11. Kontogiorgos V, Smith AM, Morris GA. The parallel lives 

of polysaccharides in food and pharmaceutical 

formulations. Curr Opin Food Sci 2015; 4: 13–18. 

https://doi.org/10.1016/j.cofs.2015.04.001  

12. Yadav H, Karthikeyan C. Natural polysaccharides: 

Structural features and properties. In Polysaccharide 

Carriers for Drug Delivery 2019. 

https://doi.org/10.1016/B978-0-08-102553-6.00001-5  

13. Rumon MH, Akib AA, Sarkar SD, Khan AR, Uddin M, 

Nasrin D, Roy CK. Polysaccharide-based hydrogels for 

advanced biomedical engineering applications. ACS 

Polymers Au 2024; 4(6): 463–486. 

https://doi.org/10.1021/acspolymersau.4c00028  

14. Xue H, Sun M, Zhao X, Wang Y, Yan J, Zhang W. 

Preparation and characterization of polysaccharide-

based hydrogels for cutaneous wound healing. 

Polymers 2022; 14(9): 1716. 

https://doi.org/10.3390/polym14091716  

15. Badri W, Miladi K, Nazari QA, Fessi H, Elaissari A. Effect 

of process and formulation parameters on 

polycaprolactone nanoparticles prepared by solvent 

displacement. Colloids Surf A: Physicochem Eng Asp 

2017; 516:38–244. 

https://doi.org/10.1016/j.colsurfa.2016.12.029  

16. Patton JS, Byron PR. Inhaling medicines: delivering 

drugs to the body through the lungs. Nat Rev Drug 

Discov 2007; 6(1): 67–74. 

https://doi.org/10.1038/nrd2153  

17. Labiris N, Dolovich M. Pulmonary drug delivery. Part I: 

Physiological factors affecting therapeutic effectiveness 

of aerosolized medications. Brit J Clin Pharmacol 2003; 

56(6): 588-599. https://doi.org/10.1046/j.1365-

2125.2003.01892.x  

18. Hariyadi DM, Purwanti T, Maulydia D, Estherline CA, 

Hendradi E, Rahmadi M. Performance and drug 

deposition of kappa-carrageenan microspheres 

encapsulating ciprofloxacin HCl. J Adv Pharmz Technol 

Res 2021; 12(3): 242–249. 

https://doi.org/10.4103/japtr.JAPTR_197_21  

19. Tena AF, Clarà PC. Deposition of inhaled particles in the 

lungs. Archives Bronchopneumol (English Edition) 2012; 

48(7): 240–246. 

https://doi.org/10.1016/j.arbr.2012.02.006  

20. Mortensen NP, Durham P, Hickey AJ. The role of particle 

physico-chemical properties in pulmonary drug delivery 

for tuberculosis therapy. J Microencapsul 2014; 31(8): 

785–795. 

https://doi.org/10.3109/02652048.2014.932029  

21. Guerreiro F, Pontes JF, Rosa da Costa AM, Grenha A. 

Spray-drying of konjac glucomannan to produce 

microparticles for an application as antitubercular drug 

carriers. Powder Technol 2019; 342:246–252. 

https://doi.org/10.1016/j.powtec.2018.09.068  

22. Kalalo T, Miatmoko A, Tanojo H, Erawati T, Hariyadi DM, 

Rosita N. Effect of sodium alginate concentration on 

characteristics, stability and drug release of inhalation 

quercetin microspheres. Indonesian J Pharmacy 

Pharma Sci 2022; 9(2): 107–114. 

https://doi.org/10.20473/jfiki.v9i22022.107-114  

23. Zhang L, Yang L, Zhang X, Jiaqi L, Fan L, Zhang X, 

Muenster U, Wang X, Zhao J, Zhang Y, et al. Sustained 

therapeutic efficacy of budesonide-loaded chitosan 

swellable microparticles after lung delivery: Influence of 

in vitro release, treatment interval and dose. J Control 

Release 2018; 283: 163–174. 

https://doi.org/10.1016/j.jconrel.2018.05.031  

24. Chatterjee B, Amalina N, Sengupta P. Mucoadhesive 

Polymers and Their Mode of Action: A Recent Update. J 

Appl Pharm Sci 2017; 7(05): 195-203 

https://doi.org/10.7324/JAPS.2017.70533  

25. Pandey J, Shankar R, Kumar M, Shukla K, Kumari B. 

Development of nasal mucoadhesive microspheres of 

granisetron: A potential drug. Drug Res 2020; 70(08): 

367. https://doi.org/10.1055/a-1193-4781  

26. Guerreiro F, Pontes JF, Gaspar MM, Rosa da Costa AM, 

Faleiro ML, Grenha A. Respirable konjac glucomannan 

microparticles as antitubercular drug carriers: Effects of 

in vitro and in vivo interactions. Int J Biol Macromol 

2023; 248. 

https://doi.org/10.1016/j.ijbiomac.2023.125838  

27. Rodrigues S, Cunha L, Rico J, Rosa da Costa AM, 

Almeida AJ, Faleiro ML, Buttini F, Grenha A. 

Carrageenan from red algae: an application in the 

development of inhalable tuberculosis therapy targeting 

the macrophages. Drug Deliv Transl Res 2020; 10(6): 

1675–1687. https://doi.org/10.1007/s13346-020-00799-

0  

28. Garg T, Goyal AK, Rath G, Murthy RSR. (2016). Spray-

dried particles as pulmonary delivery system of anti-

tubercular drugs: design, optimization, in vitro and in 

vivo evaluation. Pharm Dev Technol 2016; 21(8): 951–

960. https://doi.org/10.3109/10837450.2015.1081613  

29. Hariyadi DM, Hendradi E, Kurniawan TD. Alginate 

Microspheres Encapsulating ciprofloxacin HCl: 

Characteristics, release and antibacterial activity. Int J 

Pharma Res Health Sci 2019; 7(4): 3020–3027. 

https://doi.org/10.21276/ijprhs.2019.04.02  

30. Alipour S, Montaseri H, Tafaghodi M. Preparation and 

characterization of biodegradable paclitaxel-loaded 

alginate microparticles for pulmonary delivery. Colloids 

Surf B Biointerfaces 2010; 81(2): 521–529. 

https://doi.org/10.1016/j.colsurfb.2010.07.050  

31. Patil JS, Devi K, Devi K, Suresh S. Formulation and 

Evaluation of Novel Spray-dried Alginate Microspheres 

as Pulmonary Delivery Systems of Rifampicin in Rats. 

Ind J Pharm Edu Res 2015; 49(4): 320–328. 

https://doi.org/10.5530/ijper.49.4.9  

32. Hariyadi DM, Hendradi E. Optimization Performance and 

Physical Stability of Ciprofloxacin HCL-Ca Alginate 



Nailufa et al 

Trop J Pharm Res, January 2026; 25(1): 123 

Microspheres: Effect of Different Concentrations of 

Alginate and CaCl2. Int J Drug Del Technol 2020; 10(1): 

89-94. https://doi.org/10.25258/ijddt.10.1.15  

33. Park JH, Jin HE, Kim DD, Chung SJ, Shim WS, Shim CK. 

Chitosan microspheres as an alveolar macrophage 

delivery system of ofloxacin via pulmonary inhalation. Int 

J Pharm 2013; 441(1–2): 562–569. 

https://doi.org/10.1016/j.ijpharm.2012.10.044  

34. Gaspar MC, Sousa JJS, Pais AACC, Cardoso O, 

Murtinho D, Serra MES, Tewes F, Olivier JC. 

Optimization of levofloxacin-loaded crosslinked chitosan 

microspheres for inhaled aerosol therapy. Eur J Pharm 

Biopharm 2015; 96: 65–75. 

https://doi.org/10.1016/j.ejpb.2015.07.010  

35. Liu K, Chen W, Yang T, Wen B, Ding D, Keidar M, Tang 

J, Zhang W. Paclitaxel and quercetin nanoparticles co-

loaded in microspheres to prolong retention time for 

pulmonary drug delivery. Int J Nanomed 2017; 12: 

8239–8255. https://doi.org/10.2147/IJN.S147028  

36. Pai RV, Jain RR, Bannalikar AS, Menon MD. 

Development and evaluation of chitosan microparticles 

based dry powder inhalation formulations of rifampicin 

and rifabutin. J Aerosol Med Pulmon Drug Del 2016; 

29(2): 179-195.  

37. Silva DM, Vyas HKN, Sanderson-Smith ML, Sencadas V. 

Development and optimization of ciprofloxacin-loaded 

gelatin microparticles by single-step spray-drying 

technique. Powder Technol 2018; 330: 201–209. 

https://doi.org/10.1016/j.powtec.2018.02.029  

38. Manca ML, Cassano R, Valenti D, Trombino S, Ferrarelli 

T, Picci N, Fadda AM, Manconi M. Isoniazid-gelatin 

conjugate microparticles containing rifampicin for the 

treatment of tuberculosis. J Pharm Pharmacol 2013; 

65(9): 1302–1311. https://doi.org/10.1111/jphp.12094  

39. Kaur R, Garg T, Malik B, Gupta UD, Gupta P, Rath G, 

Goyal AK. Development and characterization of spray-

dried porous nanoaggregates for pulmonary delivery of 

anti-tubercular drugs. Drug Deliv 2016; 23(3): 872–877. 

https://doi.org/10.3109/10717544.2014.920428  

40. Grenha A, Alves AD, Guerreiro F, Pinho J, Simoes S, 

Almeida AJ, Gaspar MM. Inhalable locust bean gum 

microparticles co-associating isoniazid and rifabutin: 

Therapeutic assessment in a murine model of 

tuberculosis infection. Eur J Pharm Biopharm 2020; 147: 

38–44. 

41. Behera SS, Ray RC. Nutritional and potential health 

benefits of konjac glucomannan, a promising 

polysaccharide of elephant foot yam, Amorphophallus 

konjac K. Koch: A review. Food Rev Int 2017; 33(1): 22–

43. https://doi.org/10.1080/87559129.2015.1137310  

42. Devaraj RD, Reddy CK, Xu B. Health-promoting effects 

of konjac glucomannan and its practical applications: A 

critical review. Int J Biol Macromol 2019; 126: 273–281. 

https://doi.org/10.1016/j.ijbiomac.2018.12.203  

43. Jin W, Xu W, Li Z, Li J, Zhou B, Zhang C, Li B. Degraded 

konjac glucomannan by γ-ray irradiation assisted with 

ethanol: Preparation and characterization. Food 

Hydrocolloids 2014; 36: 85–92. 

https://doi.org/10.1016/j.foodhyd.2013.09.005  

44. Jian W, Tu L, Wu L, Xiong H, Pang J, Sun Y. 

Physicochemical properties and cellular protection 

against oxidation of degraded Konjac glucomannan 

prepared by γ-irradiation. Food Chem 2017; 231: 42–50. 

https://doi.org/10.1016/j.foodchem.2017.03.121  

45. Pan T, Peng S, Xu Z, Xiong B, Wen C, Yao M, Pang J. 

Synergetic degradation of konjac glucomannan by γ-ray 

irradiation and hydrogen peroxide. Carbohydr Polym 

2013; 93(2): 761–767. 

https://doi.org/10.1016/j.carbpol.2012.11.075  

46. Cheng LH, Nur Halawiyah HLBN, Yong HM, Ang SL. 

Ultrasound-mediated acid hydrolysis of konjac 

glucomannan. Int Food Res J 2010; 17: 1043–1050. 

Available from: 

http://www.ifrj.upm.edu.my/17%20(04)%202010/(25)_IF

RJ-2010-016_Cheng_USM%5B1%5D.pdf. Accessed 12 

January 2026. 

47. Widjanarko SB, Affandi M, Wahyuli Z. A review on konjac 

glucomannan and hydrolysed konjac glucomannan. 

Food Res 2022; 6(5): 425-433. 

48. Wattanaprasert S, Borompichaichartkul C, Vaithanomsat 

P, Srzednicki G. Konjac glucomannan hydrolysate: A 

potential natural coating material for bioactive 

compounds in spray drying encapsulation. Eng Life Sci 

2017; 17(2): 145–152. 

https://doi.org/10.1002/elsc.201600016  

49. Ayuni D, Devahastin S, Sirikantaramas S, Pittia P, 

Pattarapipatkul N, Borompichaichartkul C. Enhancing 

encapsulation efficiency: Konjac glucomannan 

hydrolysate as a novel coating material for flavone 

derivatives in rice leaves extract. Food Biosci 2024; 61: 

104540. https://doi.org/10.1016/j.fbio.2024.104540  

50. Lin W, Ni Y, Wang L, Liu D, Wu C, Pang J. 

Physicochemical properties of degraded konjac 

glucomannan prepared by laser-assisted with hydrogen 

peroxide. Int J Biol Macromol 2019; 129: 78–83. 

https://doi.org/10.1016/j.ijbiomac.2019.02.035  

51. Zhu B, Xin C, Li J, Li B. Ultrasonic Degradation of Konjac 

Glucomannan and the Effect of Freezing Combined with 

Alkali Treatment on Their Rheological Profiles. 

Molecules 2019; 24(10): 1860. 

https://doi.org/10.3390/molecules24101860  

52. Xiong Z, Zhou W, Sun L, Li X, Zhao D, Chen Y, Li J, Ma 

G, Su Z. Konjac glucomannan microspheres for low-cost 

desalting of protein solution. Carbohydr Polym 2014; 

111: 56–62. 

https://doi.org/10.1016/j.carbpol.2014.04.059  

53. Khuwijitjaru P, Koomyart I, Kobayashi T, Adachi S. 

Hydrolysis of Konjac Flour under Subcritical Water 

Conditions. Chiang Mai J Sci 2017; 44(3).  

54. Li J, Li B, Geng P, Song AX, Wu JY. Ultrasonic 

degradation kinetics and rheological profiles of a food 

polysaccharide (konjac glucomannan) in water. Food 

Hydrocolloids 2017; 70: 14–19. 

https://doi.org/10.1016/j.foodhyd.2017.03.022  



Nailufa et al 

Trop J Pharm Res, January 2026; 25(1): 124 

55. Wang S, Zhou B, Wang Y, Li B. Preparation and 

characterization of konjac glucomannan microcrystals 

through acid hydrolysis. Food Res Int 2015; 67:111–

116. https://doi.org/10.1016/j.foodres.2014.11.008  

56. Guerreiro F, Swedrowska M, Patel R, Flórez-Fernández 

N, Torres MD, Rosa da Costa AM, Forbes B, Grenha A. 

Engineering of konjac glucomannan into respirable 

microparticles for delivery of antitubercular drugs. Int J 

Pharm 2021; 604: 120731. 

https://doi.org/10.1016/j.ijpharm.2021.120731  

57. Javadzadeh Y, Yaqoubi S. Therapeutic nanostructures 

for pulmonary drug delivery. In Nanostructures Drug 

Deliv 2017; 619–638. https://doi.org/10.1016/B978-0-

323-46143-6.00020-8  

58. Pacheco P, White D, Sulchek T. Effects of microparticle 

size and Fc density on macrophage phagocytosis. PLoS 

ONE 2013; 8(4): e60989. 

https://doi.org/10.1371/journal.pone.0060989  

59. Champion JA, Mitragotri S. Role of target geometry in 

phagocytosis. Proc Natl Acad Sci USA 2006; 103(13): 

4930-4934. https://doi.org/10.1073/pnas.0600997103  

60. Hassoun M, Royall PG, Parry M, Harvey RD, Forbes B. 

Design and development of a biorelevant simulated 

human lung fluid. J Drug Deliv Sci Technol 2018; 47: 

485–491. https://doi.org/10.1016/j.jddst.2018.08.006. 

 


