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Application of Starch and Starch 
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Formulation
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Abstract

Starch is a homo-glucose unit connected with glycosidic linkage. It is well known 
for its biodegradability, renewability, low cost, flexibility, and availability. However, 
to reach its potential in the pharmaceutical application, modification is necessary to 
solve the problem of solubility, retrogradation, and loss of viscosity. In this chap-
ter, we discuss the different physical, chemical, enzymatic, and biotechnological 
modifications and their subsequent pharmaceutical application both as an excipient 
and directly as drug delivery vehicles. Overall, there were different characteristics 
conferred in a modification which were exploited in pharmaceutics, drug delivery, 
and antimicrobial preparation. We, however, believe that collation of the data on 
modification would go a long way toward standardizing the application of the 
modified products.
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1. Introduction

Starch is the most abundant reservoir of carbohydrate in plants and a natu-
rally occurring polysaccharide whose wide distribution makes it the second most 
abundant biomass material found in nature, only second to cellulose [1]. It is a 
product of the photosynthetic process in plants, storing the chemical energy of 
the sun in different parts of plants including the leaves of green plants, seeds, 
fruits, stems, roots, and tubers of most plants and making it available to non-
photosynthetic organisms with humans being the most significant beneficiaries. 
Starch is a polymeric molecule consisting of the six-carbon-ring glucose mol-
ecules with molecular weight varying from 104 to 107 Daltons and produced as 
discrete granules with distinct morphology in different plants [2–4]. Starch is 
formed in the chloroplasts of green leaves and amyloplasts of seeds, fruits, and 
tubers. Sources of starch include cereal grains such as corn, wheat, sorghum, 
rice, and tubers and roots such as cassava, potato, tapioca, yam, etc., which are 
all sources of dietary carbohydrates [5]. Beyond its natural usefulness as food, 
this polysaccharide has obtained wide acceptance in various industries such as 
in textile for stiffening fabrics, in the food industry as additives and thicken-
ers among other uses, in the pharmaceutical industry as an excipient and more 
recently used as a drug carrier, and also in cosmetics and paper industries [1]. 
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Starch is utilized either in its native form or in the modified form. Native starch 
refers to starch in its natural, unmodified state, as extracted from its plant 
source, while modified starch is one in which certain properties have been 
modified or altered to meet the desired specifications. In its native state, starch 
is unsuitable for many industrial processes mainly due to its poor solubility and 
also its inability to withstand industrial conditions such as high temperatures. 
Therefore, modifications are done not only to alter the physicochemical proper-
ties of starch and improve its technological value but also to exhibit desired 
qualities in finished products [5].

2. Starch composition

Structurally, starch is a polysaccharide composed of glucose (monosaccharide) 
units connected by α-D-(1-4) and α-D-(1-6) linkages. The starch molecule consists 
of two major types of polymers, namely amylose and amylopectin. Amylopectin 
consists of linear chains of glucose units linked by α-1,4 glycosidic bonds and is 
highly branched at the α-1,6 positions by small glucose chains at intervals of 10 nm 
along the molecule’s axis, constituting about 70–85% of common starch. Amylose, 
on the other hand, is a linear chain of α-1,4 glucans with limited branching points 
at the α-1,6 positions and constitutes between 15 and 30% of common starch 
[2]. There are, however, exceptions to the rule in terms of glucan compositions 
(amylose/amylopectin ratio) of starches. This is because modifications have been 
introduced to starch molecules recently to alter the glucan composition to meet 
specific requirements with some starches genetically modified to have almost a 
100% amylose content while some are designed to be amylose-free [3]. Irrespective 
of the source, the starch molecule is usually present as granules. However, the size 
and shape of starch granules depend on their botanical origin. For example, the 
granule size for rice starch is about 3–8 μm, while potato starch ranges from 15 to 
about 100 μm [4].

Starch granules have very complex structures, resulting from variations in their 
components. They also exhibit variations between amorphous and crystalline 
regions. The amorphous region of the granules consists of amylose associated with 
large branches of amylopectin molecules. On the other hand, the crystalline region 
consists of amylopectin molecules with short branches; therefore, the higher the 
amylopectin proportion in starch granules, the greater the crystallinity [5]. Starch 
granules have also been found to exist in varying shapes, including oval, round, 
elliptical, flattened ovoid, polygonal, lenticular, and disc shapes [4].

In addition to amylose and amylopectin, starch also contains other noncarbo-
hydrate components such as lipids (up to 1%), residues of protein (0.4%), and a 
relatively small amount (<0.4%) of minerals (calcium, magnesium, phosphorus, 
potassium, and sodium) of which phosphorus occupies an important position 
[6, 7] (Figures 1 and 2).

Figure 1. 
Structure of amylose [8].
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Lipids in starch are present in the form of phospholipids and free fatty acids 
and are usually associated with the amylose fraction. Lipids, particularly phos-
pholipids, have great tendencies to form helical complexes with starch (mainly 
with amylose). The lipid complexes in starch granules are present as a hydropho-
bic nucleus situated within helices formed by amylose chains [9], and, although 
representing a small fraction of the starch granules, lipid complexes can signifi-
cantly reduce not just the solubility of the granules but also the swelling capacity 
of the starch paste [7].

Phosphorus is a noncarbohydrate component of starch whose presence has 
been found to exert significant influence on functional characteristics such as 
clarity and viscosity of starch pastes. It is present either as monoester phosphates 
(proportionally associated with the amylopectin fraction by covalent bonds) or 
as phospholipids (proportionally associated with the amylose content of starch), 
with the latter significantly lowering these characteristics [10]. Properties such 
as solubility and transmittance of starch granules are also affected by the nature 
of the phosphorus present in the starch. It is reported that the presence of phos-
phorus in the form of monoester phosphates enhances these properties in starch 
granules [11].

3. Properties of starch

3.1 Structure of starch granules

X-ray analyses of starch granules reveal varying degrees of crystallinity of 
the granules. Three distinct X-ray patterns (A-, B-, and C-patterns) have been 
observed with the A-pattern’s characteristic of cereal grain starches, such as maize, 
waxy maize, wheat, and rice, while the B-patterns are characteristics of tuber, 
fruit, and stem starches, such as canna, potato, sago, banana starches, and some 
mutant maize starches such as amylomaize-5 and amylomaize-7. C-type patterns 
are found in roots such as tapioca starch, beans, and peas and are an intermediate 
between A- and B-types [11]. Also B- and C-type native starches can be converted 
to the A-type by heat-moisture treatment (30°C for B-type and approximately 
50°C for C-type). However, the original structure of the A-type starches needs 
to be destroyed and allowed to recrystallize for conversion into other crystalline 
forms to occur [12].

Figure 2. 
Structure of amylopectin [8].
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3.2 Swelling capacity and solubility

One of the characteristics of starch is the ability of its granules to absorb water. 
Water absorption results in swelling of the starch granule contributing to amylo-
pectin-amylose phase separation and loss of crystallinity, which in turn promotes 
the leaching of amylose to the intergranular space [13]. Heating of starch molecules 
in excess water causes the breaking of its semicrystalline structure, allowing water 
molecules to interact (via hydrogen bonding) with the hydroxyl groups exposed 
on the amylose and amylopectin molecules. This association causes swelling and 
increases granule size and solubility. The extent of this interaction is influenced by 
the amylose-amylopectin proportion as the swelling capacity of the starch granule 
is a function of its amylopectin content. The high tendency of the amylose com-
ponent of starch granules to complex with phospholipids (forming amylose-lipid 
complexes) greatly inhibits the solubility and, consequently, the swelling capacity 
of starch granules [11].

3.3 Gelatinization of starch

Starch, when heated in excess water, undergoes a transition phase known as 
gelatinization. Gelatinization of starch is useful in particular industries, especially 
the textile and hydrolyzed starch industries. Generally, starch gelatinization can 
be defined as the conversion of starch from the crystalline, granular form to the 
dispersed and amorphous state [6]. Gelatinization occurs when water diffuses into 
the granule, which then swells substantially due to hydration of the amorphous 
phase causing loss of crystallinity and molecular order [14]. The gelatinization tem-
perature of the starch granules varies depending on the source of starch. This is due 
to the influence of the organization (packing of the double helices) of the glucan 
chains in the crystalline lamellae of the granules. This includes the nature of the 
branching pattern (distance between the branching points and numbers of chains 
in the building blocks) and the length of external chains. Other factors include the 
concentration of amylose and the lipid content of the starch. Chemical methods 
of starch gelatinization and consequent solubilization are also available such as the 
use of alkali (NaOH) and dimethyl sulfoxide (DMSO). However, the conditions 
and pathways of gelatinization are different from the process of boiling water. For 
instance, apart from occurring at a low temperature (20°C), starch granules do not 
swell in DMSO as they do in hot water but dissolve slowly by fragmentation of the 
interior of the granule into smaller pieces [15].

3.4 Retrogradation

Retrogradation refers to the molecular interaction produced after gelatiniza-
tion and cooling of the starch paste, that is, the recrystallization of glucan chains 
in gelatinized starch. It can be described as the tendency for solvated, amorphous 
starch to return to an insoluble, aggregated, or crystalline state when stored at a 
temperature above its glass transition temperature. This characteristic of starch is 
favored both by low temperature (0–5°C) and high starch concentration [6]. This 
property is one of the causes of staleness of baked products during storage and is 
generally considered unfavorable in terms of food quality. The glucan composition 
(amylose/amylopectin ratio of starch), as well as the presence of other noncarbo-
hydrate components, has a significant influence on the retrogradation potentials 
of starch. For instance, high amylose content increases retrogradation potentials 
of starch, whereas amylose-free starches have less tendency towards this behavior. 
This is because, during retrogradation, amylose molecules associate with other 
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glucose units to form a double helix, while amylopectin molecules recrystallize 
through the association of its small chains [11]. The presence of other components 
such as proteins, lipids, other carbohydrates, salts, and polyphenols significantly 
affects retrogradation. For example, proteins can complex with starch to retard the 
retrogradation process during refrigerated storage [16].

4. Starch modification and pharmaceutical application

The abundance, biodegradability, and cost-friendly characteristics of starch 
make it an important raw material for many industrial processes. However, certain 
properties of starch make it undesirable for all applications. Most native starches are 
limited in their direct application due to poor solubility in water and a strong ten-
dency for decomposition and retrogradation. They also display high instability with 
respect to changes in temperature, pH, and shear forces [15]. Therefore, starches 
are often subjected to either physical, chemical, or enzymatic modifications. These 
modifications are done to develop specific properties such as solubility, hydropho-
bicity, thermal stability, amphiphilicity, paste clarity, mechanical strength, freeze-
thaw stability retrogradation resistance texture, adhesion, and tolerance to high 
temperatures used in industrial [6, 17].

Several factors affect the digestibility of native starch and, hence, possible 
pharmaceutical application. These include amylopectin: amylose ratio, amylopectin 
chain length, degree of crystallinity, and intermolecular association in granules 
[17]. Modification typically affects all these properties, and the choice of modifica-
tion can lead to customization and flexibility in starch use.

Summarily, these are modification methods currently in use:

4.1 Physical modification

Physical treatments are generally divided into thermal and nonthermal treatments. 
Thermal treatments involve the use of heat to rearrange the amylopectin: amylose ratio 
and length of chain. This typically leads to highly soluble excipients, and when exposed 
to such temperature conditions, gelatinization occurs, improving the swellability and 
solubility. Thus starch produced in this manner is easily plasticized and can be used in 
the production of antimicrobial films and also as superdisintegrants.

Thermal treatments include pregelatinization, heat-moisture treatment, anneal-
ing, dry heating, and osmotic pressure treatment.

Pregelatinization involves the starches to be cooked at a specified temperature 
and dried to allow little or no molecular reassociation.

Heat moisture treatment consists of heating starch granules at a temperature 
above the starch’s glass transition temperature at the adiabatic condition with a 
relative humidity of 10–40% for 1–24 h [17]. The changes observed show no crystal-
linity in A-type; however, B-type starch granules change to C-type. Increase in 
crystallinity, however, is only a desired trait in sustained release formulation [17].

The nonthermal treatment includes ultrasonic treatment, milling, high-pressure 
treatment, pulsed electric field, freezing/thawing, and freeze-drying treatment.

4.2 Chemical modification

This involves the insertion of a new functional group on the starch backbone 
to give unique properties to the starch. There are numerous methods of chemical 
modification, but the most relevant are acid hydrolysis, cross-linking, acetylation, 
dual modification, oxidation, and grafting.
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4.3 Enzymatic modification

The enzymatic modification of starch targets the amylopectin: amylose 
chain length and content and also the molecular weight. Typically, when the 
mentioned variables are reduced, the modified starch can be used to formulate 
fast-releasing micro and nano-particles. Alternatively, used in immediate 
release tablet formulation. The modification, however, does not improve 
the swellability of the starch granules, and as such, it cannot be used as a 
disintegrant.

5. Advances of modified starch in some drug delivery application

The modification of starch has given it some controlled delivery in drug delivery 
system, and depending on the modification carried out in the starch, such as acid 
modified, pre-gelatinized, freeze-dried, cross-linked, and hydroxypropylation, the 
disintegration and binding properties are affected. This can subsequently affect the 
rate of release.

A study was done by Alexiou et al. [18] to study the biocompatibility of starch 
as a carrier to targeting cancer cells. Phosphate-modified starch was used to pre-
pare iron oxide nanoparticle, which was then mixed with mitoxantrone. The iron 
oxide nanoparticles improved drug concentration and targeting using a magnetic 
field. This improved the in vivo effect.

Rice starch modified with carboxylation and oxidation [20] was used in the 
tablet preparation of metronidazole. It was found out that the starch conferred a 
controlled release mechanism owing to its enzymatic and pH resistance leading to a 
slow-release with prolonged effect.

Thermosensitivity of starch derivative was recently tested in the drug 
delivery system. Acid-hydrolyzed starch treated with butyl glycidyl ether to 
yield 2-hydroxy-3-butoxypropyl starch polymer micelles was loaded with 
prednisolone and the in vitro dissolution profile investigated in distilled water 
at 20 and 40°C. It was discovered that 38% of the drug was released at 20°C, 
while 90% was released at 40°C. The effect of molar substitution (MS) and 
lower critical solution temperature (LCST) of the modified starch offered a 
mechanism to this release. The above factors were investigated and discovered 
to be inversely proportional, thus, when MS was doubled from 0.32 to 0.67, 
the LCST decreased from 32.5 to 4°C. This increase in molar substitution 
affects the micelles leading to swelling and controlled release at different 
temperature [20].

Antimicrobial agents have low molecular weight and can display poor reten-
tion, and easily leaking out without attaining stability in the formulation. This has 
provided the rationale for conjugating the antimicrobials with high-molecular-
weight starches which prevent leaching and improve the encapsulation efficiency. 
A work done by Guan et al. [20] showed the microbicidal effect of covalently 
bonded polyhexamethylene guanidine hydrochloride (PHGH) and potato starch 
on the activity of nonresistant Escherichia coli and Staphylococcus aureus. The 
microbial growth was inhibited to almost 100% when 1% of the PHGH was used in 
the modification [28].

There is no direct compilation of how the different modifications affect the 
inherent properties of native starch to the point of predictive usage, but the effect 
is always felt in the modification technique used and the observed pharmaceuti-
cal function. Below is a tabulated list of some of the current usages of modified 
starches in drug delivery systems (Tables 1 and 2).
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Starch Antimicrobial 

agent

Concentration Micro-

organism

Observation References

Potato PHGH 1% E. coli 100% [19]

S. aureus

12% E. coli Excellent antimicrobial 

activities

Cassava Chitosan-

oregano

0.1, 0.5, 1.0% E. coli, 

S. aereus

Increased biocidal activity 

against gram-positive 

than gram-negative 

bacteria

[20]

Sweet 

potato

Potassium 

sorbate

5, 10, 15% E. coli Inhibition at 5% only [21]

S. aureus No inhibition zones

Chitosan 5, 10, 15% E. coli Excellent antimicrobial 

activities

Wheat Chitosan Bacillus 

subtilis, 

E. coli

Low inhibition

Chitosan-

lauric acid

8% B. subtilis, 

E. coli

Efficient inhibitory effect [22]

Potato Guanidine 

hydrochloride

4, 8, 12, 16 mol E. coli, 

S. aereus

Excellent antimicrobial 

properties

Key PHGH-polyhexamethylene guanidine hydrochloride.

Table 1. 
Antimicrobial modified starch and its activities.

Material Delivery 

method

Preparation 

technique

In vitro result References

Corn starch-

polycaprolactone 

blend

Porous 

microparticles

Emulsion 

solvent 

extraction/

evaporation

There was a steady release  

of the drug over 30 days

[23]

Sweet potato 

starch

Microparticle Spray drying 

of gelatinized 

starch

There was a sustained 

release for up to 6 h. the 

concentration of starch 

used also affected the 

release model

[24, 28]

Corn and potato 

starch

Hydrogel Isostatic ultra-

high pressure

Corn starch showed 

sustained release while 

potato starch hydrogel 

showed fast drug release

[25]

Hydrolyzed 

potato starch

Microsphere Single 

emulsion 

cross-linking

The release was rapid 

within the first 2 h

[26]

Cross-linked 

starch

Mucoadhesive 

nanoparticle

The nanoparticles led 

to rapid drug delivery 

and were also directly 

depend on the extent of 

cross-linking

[27, 29]

Table 2. 
Modified starch and their application towards drug delivery systems.
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6. Conclusion

The role of starch keeps diversifying. The pharmaceutical potential of modifica-
tion of starch in drug delivery systems has been shown in this report to vary and is 
not easily predictable until the final outcome. It is our recommendation that docu-
menting the observable physical and molecular change in the starch modification 
alongside with the observable drug delivery effect would improve the predictional 
use of this versatile material.

© 2019 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
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