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Abstract 

Jackfruit belongs to the family Moraceae and is used as a novel source of 
starch. In the native stage, starch granules are generally insoluble at room 
temperature, extremely resistant to enzymatic hydrolysis and display an 
inability to endure processing conditions related to pH, temperature, 
shear rate and freeze–thawing. 

Modification can be carried out using chemical, physical or enzymatic 
methods, or a combination of these. To solve this problem, modification 
of starches is usually conducted to alter pasting, gelatinization and 
retrogradation behavior. 

Modified starches have been recognized as a multifunctional 
excipient in various industries. 

This review covers a wide array of topics relating to starch, including: 
methods of modification; the impact of modification on morphology, 
crystallinity, viscosity and functionality; and the application of modified 
starch. 
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fication, carboxymethylation, esterification, 
cross-linking and oxidation), and physical (an-
nealing, heat-moisture treatment or HMT, the 
microwave oven method, pregelatinization, 
extrusion and various non-thermal processes) 
and partial gelatinization techniques [20, 21]. 
The attributes of the resultant starches differ, 
as they depend upon the processing conditions, 
such as time and the temperature of processing. 
The uses of native starches, however, are mostly 
fixed to acting as a diluent or filler, owing to the 
limitations of various characteristics. 
The modification of the native starch, by any 
method, generally resulted in improved func-
tionality. Some studies also reported on the 
combined effect of two reaction methods on nu-
merous unmodified starches, by various meth-
ods including cross-linking and carboxymethyl-
ation and so on [22, 23]. 
Both reagents induced specific changes to the 
starches after modification. The dual reaction 
resulted in either an increase in viscosity due 
to restricted chain movement or a decrease in 
viscosity with enhanced swelling [23]. 
This literature survey is going to present the 
modification processes and the effect on JFSs. 
This review will summarize the preparation, 
physicochemical and functional properties of 
physically and/or chemically modified jackfruit 
starches, and their applications. 

Isolation and 
modification of JFS 

According to Mukprasirt and Sajjaanan-
takul [15] and Noor et al [24] the fruit was cut and 
seeds removed from the bulbs. 

These seeds were washed with water to 
take away undesirable parts. 

The arils of seeds are removed manually 
and lye-peeling should be carried out to remove 
the thin brown spermoderms. Starch from jack-
fruit seeds can be extracted by either the alkali 

Introduction 

Jackfruit (Artocarpus heterophyllus Lam.) is 
associated with edible bulbs of white to yellow 
fleshy tissue and seeds, and is widely grown in 
tropical countries, including India [1–6]. 
The seeds account for 8–15% of the total fruit 
weight and they are rich in carbohydrate and 
protein content [7, 8]. They also contain several 
minerals, saponins, lignans, phytonutrients and 
isoflavones [9]. As jackfruit seeds are composed 
of 63–80% carbohydrate, they can be used for 
the production of starch. Jackfruit seeds con-
tain 70–85% total starch when dry [10–14]. 
Jackfruit seed starch (JFS) consists of 25 to 45% 
amylose content and 45 to 80% amylopectin 
content [15–19]. 
The JFS granules are bell-shaped with smooth 
surfaces. The granular size lies between 5 and 
10 µm [18]. JFSs have vast applications in the 
food industry, mainly being used as a thicken-
ing and binding agent, and stabilizer [19]. 
Several studies have been conducted in the last 
few years to investigate the properties of JFS 
and they reported many limitations to their in-
dustrial use [10, 15, 18, 19]. 
However, the native starch has some drawbacks 
such as water insolubility, limited swelling abili-
ty, low granule dispersibility, higher gelatiniza-
tion temperatures and syneresis [14, 16]. As the 
modification of starch may help to advance its 
functionality, researchers have studied various 
techniques and agents for the modification of 
starches and have investigated the improve-
ment in their properties and their suitability for 
industrial applications [18]. 
However, the properties of the starches may 
be altered during the modification process-
Therefore, recently, there have been a number 
of studies on the functional and physicochemi-
cal properties of JFS after different kinds of 
modification. Modification of starches can be 
achieved using enzymatic, chemical (etheri-
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Effect of modification
on recovery yield and 
granule morphology 

Dutta et al [17] reported on the recovery 
yield of jackfruit seed after modification and 
they concluded that the recovery after acidic 
modification decreases as the time of the mod-
ification process increases. These researchers 
worked on starch acid modification in two di-
mensions; firstly, short-term treatment, and 
then, long-term treatment, with variations in 
time and acid concentration. They found that 
the total minimum recovery of starch was 73% 
after modification, but it was highest in long-
term treatment (LT1) (86.32%) at a 1 M HCl con-
centration. There is insufficient data regarding 
recovery for other modification techniques. 
Babu et al [35] reported that the recovery yield 
of citric acid- and hydrochloric acid-modified 
sweet potato starch was above 93%, which is 
greater than that for the JFS.  

The granular morphology of starches 
changes after modification (Fig. 1). 

Dutta et al [17] reported that native JFS has 
various shapes, including round, dome-shaped, 
trigonal and tetragonal, with granular size rang-
ing from 6–12 µm. They have also reported on 
the effects of different acid treatments on the 
granular morphology of starch and they found 

method or the distilled water method. In the al-
kali method, the seed flour is soaked into 0.5% 
sodium hydroxide solution for 6–8 hours. 

Filtration should be carried out followed 
by washing 3 times with distilled water. This 
filtrate is left to settle overnight at 4°C. After 24 
hours, decant the water and dry at 40–60°C [25]. 
In the distilled water method, the seed flour is 
soaked into water instead of alkaline solution. 
Further processing is similar to the alkali 
method [10]. 

Modification techniques 

After the extraction of starch from seeds, 
the obtained starch undergoes modification. 
Modification of starches is conducted to im-
prove their functional characteristics. 

Various techniques have been used to 
modify the JFS such as acid–alcohol modifica-
tion, the acid-thinned method, cross-linking, 
carboxymethyl modification, HMT, hydroxypro-
pylation, pregelatinization, annealing, oxidation, 
microwave and conventional heating modifica-
tion and so on [17, 18, 26–33]. 

Figure 1 Scanning electron microscope (SEM) images of 
(A) native jackfruit seed starch (JFS), and JFS modified by (B) 
acid–alcohol, (C) hydroxypropylation, (D) oxidation, (E) anneal-
ing, (F) cross-linking (CL-JF), (G) partial gelatinization and (H) 
heat-moisture treatment [18, 30, 32–34]

Appendix II
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that the acid degrades the granule surfaces; 
this effect increases as the time of treatment 
increases. They also found that the acid treat-
ment had more of an effect on the flat surfaces 
of all the shaped granules. 
Therefore, it can be concluded that the surface 
of the starch granules is affected during modi-
fication. Another team of researchers [28] sup-
ported the above results, and reported on the 
effect of acid modification on the starches. 
They concluded that there was no apparent 
damage to the starch granule surface when 
treated with a considerably diluted hydrochloric 
acid solution (that is, 0.5 M), while a positive re-
sult was obtained whereby a smoother surface 
was observed on the starch granules. At the 
same time, when starch granules underwent 
treatment with an increased concentration of 
acid (that is, 2.0 M), the researchers found that 
granules became ruptured and broke down 
into small pieces. This result can be ascribed to 
the attack of the acid on the amorphous starch, 
which leads to rupture of the particles [28]. 

In chemical modification, esterification 
is achieved using many methods and hydroxy-
propylation is one of these. After hydroxypro-
pylation, the shape of the granules in the starch 
was not significantly altered. However, if the 
concentration of propylene oxide increases, 
some degradation can occur on some starch 
granules. Changes in the appearance of starch 
granules after hydroxypropylation have been 
reported for different sources of starches, like 
potatoes, pigeon peas and cassava [36–38]. 

Kittipongpatana and Kittipongpatana [18] 
reported that scanning electron microscopy 
images showed that native JFSs have round 
and bell-shaped granules with a size ranging 
from 5 to 10 µm and distorted, wrinkled surfac-
es. In addition, there was rupturing of granules 
after modification by pregelatinization and car-
boxymethylation. 

After modification, the shapes of the 
starches become irregular (Fig. 1). 

The sizes of the oxidized JFSs were increased 
after oxidation [33]. Many studies have reported 
that after oxidation no change occurs to the 
surface and shape of the granules in starches 
such as banana starch, barley starch and corn 
starch [39, 40]. 
Hydroxypropylation did not alter the shape of 
the starch granules significantly [29]. HMT and an-
nealing are physical modification techniques. 
After HMT and annealing, the granules become 
more swollen, and granule fusion and surface 
corrosion have also been observed [30, 32]. 
This could be the result of partial gelatinization 
of starch occurring with a combination of high 
moisture and heat [38, 41]. 

Impact of modification 
on granular swelling, 
solubility and amylose 

Several researchers have shown that 
granular swelling and amylose leaching are 
reduced, and solubility is increased, upon 
modification of legume [42] and tuber [43–45] 

starches. However, in some studies, swelling 
capacity has been reported to increase after 
modification [18, 29, 32]. 

According to Kittipongpatana and Kitti-
pongpatana [18], hydroxypropyl jackfruit starch 
has the highest solubility and swelling capacity, 
rather than pregelatinized, cross-linked jack-
fruit starch. The amylose content of starches is 
also affected by modification. 
Kittipongpatana and Kittipongpatana [18] report-
ed that no significant difference was found be-
tween native and HMT-modified starches, while 
Dutta et al [17] demonstrated an effect of acid 
concentration and the time of treatment. 
The latter reported that reduced treatment time 
decreases (due to the rapid initial degradation 
of amylase by acid) the amylose content, that is, 
there is higher amylose leaching compared to 
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content, due to an increase in the mobility of 
amylose–lipid complex chains. 

XRD analysis of pregelatinized JFS (PG-JF) 
and carboxymethyl jackfruit starches (n-CMJF) 
showed a fusion between the peaks and signifi-
cant loss of distinctive diffraction. 
This suggests that these are amorphous sol-
ids in nature. With carboxymethylation using 
methanol as a solvent, a slight decrease in the 
crystallinity of methanol carboxymethyl jack-
fruit starches (m-CMJF) compared to native 
starch is seen. Similarly, modification of starch 
using 1- or 2-propanol as solvents resulted in a 
noticeable decrease in the diffraction intensity, 
because of the loss of crystallinity [18]. 
Koo et al [49] reported no significant difference 
between the XRD of native and cross-linked 
corn starches. This is because cross-linking pre-
dominantly occurred in the amorphous regions 
of granules, thus having very little effect on the 
crystallinity of starch. 

Impact of modification 
on gelatinization 
parameters 

The gelatinization of starches is a process 
of order–disorder phase transition of granules 
in the presence of heat and water that ultimate-
ly results in swelling and solubilization of starch 
granules and loss of their crystallinity [29, 50]. 
Gelatinization occurs at a specific temperature 
and is affected by the size of the starch granules, 
their crystallinity and microstructure, and also, 
by the amount of amylose and amylopectin, 
along with protein, fat and phosphorus 
content [22, 25, 51–58]. 

The gelatinization of starches can be 
measured by various methods, with differential 
scanning calorimetry being one of these. 
The thermal phase transitions of the starches 
are defined as To (onset), Tp (peak of gelatiniza-

a longer treatment time (where degraded amy-
lose fractions recrystallize). 
Such changes in the starches are attributed 
to the following phenomena occurring during 
modification: A) an increase in crystallinity or 
disruption of crystallites, B) amylose–lipid inter-
actions and C) amylose–amylose and/or amylo-
pectin–amylopectin chain interactions [46]. 

Impact of modification 
on X-ray patterns, 
peak intensities and 
crystallinity 

The native jackfruit starch granule exhibits 
the typical A-type X-ray diffractogram. 
After modification of the starches, there was no 
change seen in the X-ray pattern, but different 
peak intensities were observed [17, 18, 29, 32]. 
Modification results in minor changes in the 
peak intensities, and therefore, changes occur 
in the percentage crystallinity. 

Dutta et al [17] showed that the amylopec-
tin content influences the peak intensities of 
starch. Kittipongpatana and Kittipongpatana 
[32], applying HMT to JFS with a medium mois-
ture content and temperatures, showed in-
creased intensity of reflection peaks. 
Naknaen [29] reported a decrease in the degree 
of crystallinity of the starch as the volume of 
propylene oxide increased, in a reaction that 
occurred in the crystalline region of the starch. 
On the other hand, an increase in the crystal-
linity of potato starch was reported by Ver-
meylen et al [47] when it was subjected to HMT 
at 130°C. This could occur when decoupling of 
the double helices from the amylopectin back-
bone takes place, which renders the double he-
lices sufficiently mobile to become organized in 
more perfect/larger crystallites [47]. 

Khunae et al [48] reported that the peak in-
tensity increases with an increase in moisture 
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tion), Tc (conclusion) and the enthalpy of gelati-
nization (ΔHgel) [28]. The gelatinization of native 
and modified JFSs has been measured by many 
researchers [14–16, 28–30, 32, 33]. 

Naknaen [29] had reported that the gelati-
nization temperatures of hydroxypropyl-modi-
fied JFSs were less than those of native JFSs re-
ported elsewhere [14–16, 32, 59]. 

These differences in gelatinization tem-
peratures (To, Tp and Tc) and the enthalpy of 
gelatinization (ΔH) could be due to disruption 
of the hydrogen bonds among starch chains. 
The decrease in the gelatinization tempera-
tures could also be dependent on the nature 
of the chemicals used in the modifications [60]. 
In this regard, Naknaen et al [33] investigated the 
oxidation of starches with different concentra-
tions of sodium hypochlorite and reported that 
there was no significant difference in gelatiniza-
tion temperatures among native and oxidized 
starches of jackfruit seeds. 

However, they did report that oxidized 
starches had lower onset temperatures (To) 
than the native starch, which indicates that the 
oxidized starches had higher gelatinizing and 
hydrating capacity. This decrease in To is due to 
the weakening of the starch granules, which rup-
tures the amylopectin double helices easily [61]. 

Similar results were also reported by 
Kittipongpatana and Kittipongpatana [18] for 
hydroxypropyl- and cross-linked-modified 
starches, but according to these researchers, 
pregelatinized JFSs show a significant rise in 
gelatinization temperatures (To, Tp and Tc), with 
a drastic drop in the enthalpic energy required 
for gelatinization indicating the loss of molecu-
lar order, which is also supported by the findings 
of Singh and Singh [54].

A similar result was reported for the ther-
mal transition of cross-linked corn starch and 
was proposed to be due to an increase in the 
free volume of starch chains brought about 
by the presence of bulky and ionic phosphate 
groups [62]. Modification of starches provides 

starch with better storage stability in food ap-
plications [51]. 

Impact of modification 
on viscosity 

Viscosity is one of the most important 
functional properties of starch as it determines 
the further application of starches in various 
usages. Pasting properties can be measured by 
the Rapid Visco Analyzer (RVA), where the vis-
cosity of starch is measured during the heating 
cycle of a suspension of starches [63]. 

This reveals the molecular changes that 
occur in starch granules that decide the behavior 
of the JFS during cooking. It shows the minimum 
temperature required for the cooking of the 
starches. A higher pasting temperature needs a 
longer cooking time [29]. The pasting properties 
of starch depend on granule swelling, the resis-
tance between swollen granules, crystallinity, 
amylose leaching, the degree of gelatinization 
and the level of molecular breakdown [64], along 
with the chain length of starch components [65]. 
Naknaen [29] reported a reduction in pasting 
temperature after modification.

The reduction in pasting temperature was 
found as hydroxypropyl starch is hydrophilic in 
nature. This facilitates the penetration of water 
into the starch molecules and this weakens the 
starch granules more easily, compared to native 
starch. The peak viscosity shows the water bind-
ing capacity of starches. The peak viscosity and 
breakdown viscosity were also decreased fol-
lowing modification. Setback viscosity measures 
the gelling ability or retrogradation tendency of 
starch, and after modification, setback viscosity 
also decreases. Zuo et al [28] have also reported a 
drastic reduction in the hot paste viscosity after 
acid thinning. Acid hydrolysis reduces the swell-
ing and absorption of starch molecules during 
cooking, mainly in the amorphous region [44]. 
This study also proposed that the change in vis-
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es as texture improvers in products within the 
food industry. They enhance the crispness of 
bakery products and snacks, improve the tex-
tural properties of extruded products, bring de-

cosity might be a consequence of an increased 
degree of amylose recrystallization. 
Dutta et al [17] have also reported similar results 
and far lower viscosity resulting from acid–al-
cohol modification of JFSs. Similar results have 
also been found with other starches, such as 
corn starch and sorghum starch, following 
modification [65–67]. These kinds of changes in 
viscosities make the starches suitable for use 
as fillings in confectionery products. 

Applications in the food 
industry

 
Many researchers have developed differ-

ent methods to modify starches, which require 
treatments that are either physical, chemical 
or enzymatic, or a combination of these, that 
is, duel modification [17, 18, 26, 28–33]. The main rea-
son for the modification process is to improve 
the properties of the starch; predominantly to 
enhance water-holding capacity and heat-re-
sistant characteristics, to minimize syneresis, 
to strengthen binding properties and to bring 
about superior thickening behavior [68, 69]. Here, 
various properties of the products, such as 
structure and texture, appearance, organolep-
tic properties and shelf stability, are some im-
portant parameters that are considered when 
selecting modified starches for the develop-
ment of the product (Table 1). In the present 
day, modified starch is considered to be a food 
additive and has an upper limit that is based on 
the type of modification that has been carried 
out. Labelling is also defined by the US Code of 
Federal Regulations [70]. 

Starch can be used as a fat replacement 
after modification by hydrolysis; for exam-
ple, maltodextrin is used in low-fat ice cream, 
low-fat mayonnaise, low-fat milk products and 
low-fat yoghurt [70–73]. Numerous studies have 
approved the potential use of modified starch-

Modification
technique

Parameters studied Benefit Refs

Pre-
gelatinization

100 g starch in 350 ml of distilled 
water. 
Temperature and time: 80°C 
for 15 min, 200 ml methanol.

Improved gelatinization 
temperature, water solubility, 
solution viscosity, swelling 
ability and water uptake.

[18]

Annealing
Suspension 20% (w/v),  
temperature: 45, 50, 55 and 60°C.  
Time 72 hours.

Increased thermal stability. 
Increased peak viscosity.

[30]

Microwave 
modification

5 g of starch and 10 ml 
10% maleic acid. 
Power: 3 watts, time: 2.5 min, 
temperature: 35°C.

Higher solubility and swelling 
power.

[31]

Heat-moisture 
treatment

A sample having moisture content of 
10.3, 20, 25, 30 and 35% heated in a 
hot-air oven set at 80, 90, 100, 110, 
and 120°C for 6, 12 and 16 hours.

Increased gelatinization 
temperature as the moisture 
content was increased in the 
samples.

[32]

Acid 
modification

In the short-term process starch 
was suspended in concentrated HCl 
and 70% alcohol (1:2 v/v); 
hydrolyzed in a shaking water bath 
at 45°C for 15, 22 and 30 min. 
Neutralized by 1 M NaOH to pH 7.0. 
In the long-term process, 
acid hydrolysis with 1 M HCl 
in absolute alcohol at 27°C 
for 1, 5, 10 and 15 days 
with thorough shaking 
every 6 hours.

Long-term treatment 
caused greater loss of 
crystallinity than short-term. 
Loss in viscosity.  
Can be used in 
confectionery fillings.

[17]

Acid 
thinning

0.5 and 2.0 mol/l aqueous 
HCl reaction was performed in 
a water bath at 45°C for 3 hours 
and neutralized with NaOH.

Granules a smaller size.  
Increased crystallinity.  Gela-
tinized more easily. Reduced 
paste viscosity.

[28]

Hydroxy-
propylation

Starch suspension (100 g/400 ml 
water); 20 g of Na2SO4; pH 11.15. 
Temperature and time: 40°C for 24 
hours. Diluted aqueous HCl (0.1 M), 
centrifuged for 15 min at 5000 rpm.

Molecular substitution (MS) 
increased with the volume of 
propylene oxide.  
The degree of crystallinity. 
Increased swelling power and 
solubility. 
Lowered gelatinization 
parameters.

[29]

Cross-linking

Starch suspension 78.5 g 
of 50% w/w NaOH solution. 
The JFS:CAA:NaOH:STMP ratios 
were 1.0:0.29:0.28:0.07.

Solubility was significantly 
greater than for native starch.

[26]

Carboxymeth-
ylation

Carboxymethyl jackfruit
starches were prepared using 
different alcoholic solvents 
methanol, 1-propanol, 2-propanol. 

Highest viscosity. [18]

Oxidation

40% (w/w) starch slurry, 
temperature 35°C. 
Chemical reactant: 6% sodium 
hypochlorite (NaOCl). 
1% hydrochloric acid or active 
chlorine.  
pH 9.5.

Improved the whiteness, 
paste clarity and stability of 
starch gel at low-temperature 
storage. Used as a thickener 
or stabilizer.

[33]

Partial 
gelatinization

Starch and distilled water 
ratio of 3:7 at room temperature.
Temperature: 70°C for 20, 30 
or 60 min.

A slight change in pasting 
profile. Higher water-holding 
capacity. Adsorbs or absorbs 
more moisture to give a 
higher equilibrium moisture 
content.

[34]

Table 1 Techniques used for modification of jackfruit native starch

Appendix I
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film-forming and as emulsifying agents in the 
pharmaceutical industry; previously, native 
starch was used for these purposes but there 
were some problems with respect to the prop-
erties, such as poor flowability and restricted 
solubility [85]. That is why many types of re-
search are currently ongoing to modify starch-
es and check their suitability for use in pharma-
ceutics. As the modification of native starches 
changes their gelatinization, pasting and ret-
rogradation behavior, and thus, changes the 
binding and flow properties of tablets and so 
on, pregelatinized and acid-hydrolyzed starch 
is being used as a multifunctional pharmaceuti-
cal excipient [86, 87]. Modified starches like those 
that are carboxymethyl-modified are generally 
used in immediate release tablet formulations 
[88, 89]. Grafted phosphate ester derivatives and 
acetylated starches are used for the controlled 
release of drugs for better patient treatment. 
Modification has also been carried out to alter 
the hydrophilicity of the native starch by deri-
vatization with acetate, hydroxypropyl and hy-
droxyethyl to alter self-assembling [90]. 

Kittipongpatana et al [26] used cross-linked 
carboxymethyl jackfruit starch (CL-CMJF) (modified 
JFS) as a tablet disintegrant and found improved 
water uptake ability, but there were no significant 
changes in the flowability, compared to native JFS. 
JFSs can be used as pharmaceutical excipients in 
various pharmaceutical formulations [91–94]. 

Conclusions 

It is apparent from this review that great 
attention has been focused on the effect of 
modification on the structure and properties 
of native starches. However, there is still some 
shortage of information on the changes to 
starch structure and properties during the dif-
ferent modification techniques.
Modification of starches improves the colour, 
swelling power, solubility, paste clarity and sta-

sirable chewiness to products and improve the 
viscosity of canned foods [18, 26, 32, 74–77]. 

Another application of the modification 
process is related to resistant starch. As we 
know, resistant starches are rich in fibre, and 
this allows nutritional claims to be made with 
respect to products being high in fibre [78, 79]. 
Gunaratne et al [79] reported that modified 
starches have a high gelling temperature, which 
is useful for many products. Some researchers 
have studied the suitability of starches for micro-
encapsulation of flavour volatiles and oleoresins 
to prevent their loss during processing [80–82].  

Applications in the 
pharmaceutical industry 

Starches are being modified by various 
techniques to bring about changes in one or 
more of their physical or chemical properties. 
They can be pregelatinized to obtain particles 
with a larger diameter [83]. They can be modified 
by cross-linking, where the chains get trapped 
together like a web, and they can also be heat-
ed or exposed to acetic acid or enzymes which 
cause breaks in the long chain resulting in sim-
ple molecules such as polydextrin, maltodextrin 
and dextrin. Alternatively, the hydrogen of the 
starches can be replaced by other groups, such 
as the carboxymethyl group, which changes the 
physicochemical and functional properties and 
results in carboxymethyl starch (CMS). The ad-
dition of carboxymethyl helps to improve the 
heat and microbial stability of starches. When 
other groups are added to the starch for re-
placement of hydrogen, such as carboxymethyl 
and carboxyethyl, they reduce the recrystalliza-
tion tendency of starches. Oxidation of starch 
(generally, by using sodium hypochlorite) re-
sulted in a higher clarity and a lower viscosity, 
compared to native starch [84]. Starches have 
been used as disintegrants, diluents, adhe-
sives, binders, absorbents, for suspending, for 
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bility of the starch gel during low-temperature 
storage. Additionally, gelatinization tempera-
tures and crystallinity are decreased. These 
kinds of unique changes in the properties of 
modified JFS could potentially result in such 
starches being used in confectionery and in 
other areas within the food industry, and also, 
for making gum candies and so on. Modifica-
tion improves thickening, stabilizing activity 
and paste clarity, so these starches could also 
be useful for products stored at low tempera-
tures, such as ice-cream. 

Conflict of Interest  
All of the authors declare that they have 

no conflict of interest. 

References
1.	 Jagadeesh SL, Reddy BS, Basavaraj N, Swamy GSK, Gorbal 

K, Hegde L, Raghavan GS V, Kajjidoni ST (2007a) Inter tree 
variability for fruit quality in jackfruit selections of West-
ern Ghats of India. Sci Hort 112:382–387

2.	 Jagadeesh SL, Reddy BS, Swamy GSK, Gorbal K, Hegde L, 
Raghavan GSV (2007b) Chemical composition of jackfruit 
(Artocarpus heterophyllus Lam.) selections of Western 
Ghats of India. Food Chem 102:361–365

3.	 Prakash O, Kumar R, Mishra A, Gupta R (2009) Artocarpus 
heterophyllus (Jackfruit): an overview. Pharmacogn Rev 
3:353–358

4.	 Reddy BMC, Patil P, Shashi Kumar S, Govindaraju LR 
(2010) Studies on physico-chemical characteristics of 
jackfruit clones of south Karnataka. Karnataka J Agric Sci 
17:279–282

5.	 Baliga MS, Shivashankara AR, Haniadka R, Dsouza J, Bhat 
HP (2011) Phytochemistry, nutritional and pharmacologi-
cal properties of Artocarpus heterophyllus Lam (jackfruit): 
A review. Food Res Int 44:1800–1811

6.	 Wangchu L, Singh D, Mitra SK (2013) Studies on the di-
versity and selection of superior types in jackfruit (Ar-
tocarpus heterophyllus Lam.). Genet Resour Crop Evol 
60:1749–1762

7.	 Haq N (2006) Jackfruit (Artocarpus heterophyllus). In: Wil-
liams JT, Smith RW, Dunsiger Z (eds) Tropical fruit trees. 



77

Comprehensive review of the impact of modification on the properties of jackfruit seed starch and its applications 

33.	 Naknaen P, Tobkaew W, Chaichaleom S (2017) Properties 
of jackfruit seed starch oxidized with different levels of 
sodium hypochlorite. Int J Food Prop 20:979–996

34.	 Tran PL, Nguyen DHD, Do VH, Kim YL, Park S, Yoo SH, 
Lee S, Kim YR (2015) Physicochemical properties of na-
tive and partially gelatinized high-amylose jackfruit (Ar-
tocarpus heterophyllus Lam.) seed starch. LWT-Food Sci 
Technol 62:1091–1098

35.	 Babu AS, Parimalavalli R, Jagannadham K, Rao JS (2015) 
Chemical and structural properties of sweet potato 
starch treated with organic and inorganic acid. J Food Sci 
Technol 52:5745–5753

36.	 Sun Q, Wang T, Xiong L, Zhao Y (2009) The effect of heat 
moisture treatment on physicochemical properties of 
early indica rice. Food Chem 141:853–857

37.	 Chung C, Degner B, McClements DJ (2013) Physicochemical 
characteristics of mixed colloidal dispersions: Models for 
foods containing fat and starch. Food Hydrocoll 30:281–291

38.	 Puncha-arnon S, Uttapap D (2013) Rice starch vs. rice 
flour: Differences in their properties when modified by 
heat–moisture treatment. Carbohydr Polym 91:85–91

39.	 Sánchez-Rivera MM, García-Suárez FJL, Del Valle MV, 
Gutierrez-Meraz F, Bello-Pérez LA (2005) Partial charac-
terization of banana starches oxidized by different levels 
of sodium hypochlorite. Carbohydr Polym 62:50–56

40.	 Chavez-Murillo CE, Wang YJ, Bello-Perez LA 
(2008) Morphological, physicochemical, and 
structural characteristics of oxidized barley 
and corn starches. Starch-Stärke 60:634–645

41.	 Ovando-Martínez M, Whitney K, Reuhs BL, Doehlert 
DC, Simsek S (2013) Effect of hydrothermal treatment 
on physicochemical and digestibility properties of oat 
starch. Food Res Inter 52:17–25

42.	 Hoover R (2001) Composition, molecular structure, and 
physicochemical properties of tuber and root starches: a 
review. Carbohydr Polym 45:253–267

43.	 Gunaratne A, Hoover R (2002) Effect of heat–moisture treat-
ment on the structure and physicochemical properties of 
tuber and root starches. Carbohydr Polym 49:425–437

44.	 Lawal OS, Adebowale KO, Ogunsanwo BM, Barba LL, Ilo 
NS (2005) Oxidized and acid thinned starch derivatives of 
hybrid maize: functional characteristics, wide-angle X-ray 
diffractometry and thermal properties. Int J Biol Macro-
mol 35:71–79

45.	 Tattiyakul J, Asavasaksakul S, Pradipasena P (2006) 
Chemical and physical properties of flour extracted from 

20.	 Abbas KA, Khalil SK, Hussin ASM (2010) Modified starch-
es and their usages in selected food products: a review 
study. J Agric Sci 2:90–100

21.	 Kushwaha R, Kaur D (2018) Recent techniques used in 
modification of starches: A review. In: Food technology 
from health to wealth & future challenges. Bharti Publi-
cation, New Delhi, India, pp 1–15

22.	 Kaur L, Singh J, Singh N (2006) Effect of cross-linking 
on some properties of potato (Solanum tuberosum L.) 
starches. J Sci Food Agric 86:1945–1954

23.	 Kittipongpatana OS, Chaitep W, Kittipongpatana N 
(2010) Physicochemical and pharmaceutical properties 
of cross-linked carboxymethyl rice starch prepared by a 
simultaneous dual reaction. Cereal Chem 87:214–220

24.	 Noor F, Rahman MJ, Mahomud MS, Akter MS, Talukder 
MAI, Ahmed M (2014) Physicochemical properties of 
flour and extraction of starch from jackfruit seed. Inter J 
Nutr Food Sci 4:347–354

25.	 Singh J, Singh N (2001) Studies on the morphological, 
thermal and rheological properties of starch separated 
from some Indian potato cultivars. Food Chem 75:67–77

26.	 Kittipongpatana N, Suwakon J, Kittipongpatana O (2011) 
Preparation of cross-linked carboxymethyl jackfruit 
starch and evaluation as a tablet disintegrant. Pak J 
Pharm Sci 24:415–420

27.	 Kittipongpatana OS, Kittipongpatana N (2013) Physico-
chemical, in vitro digestibility and functional properties 
of carboxymethyl rice starch cross-linked with epichloro-
hydrin. Food Chem 141:1438–1444

28.	 Zuo Y, Gu J, Tan H, Qiao Z, Xie Y, Zhang Y (2014) The char-
acterization of granule structural changes in acid-thin-
ning starches by new methods and its effect on other 
properties. J Adhes Sci Technol 28:479–489

29.	 Naknaen P (2014) Physicochemical, thermal, pasting and 
microstructure properties of hydroxypropylated jackfruit 
seed starch prepared by etherification with propylene 
oxide. Food Biophys 9:249–259

30.	 Bhattacharjya B, Dutta H, Patwari K, Mahanta CL (2015) 
Properties of annealed jackfruit (Artocarpus heterophyl-
lus Lam.) seed starch. Acta Aliment 44:501–510

31.	 Karadbhajne SV, Yatin S (2014) Comparison of physi-
co-chemical properties of modified jackfruit starch with 
maize starch. Int J ChemTech Res 6:487–494

32.	 Kittipongpatana OS, Kittipongpatana N (2015) Resistant 
starch contents of native and heat-moisture treated jack-
fruit seed starch. Scientific World Journal 2015:1–10



78

Nutrafoods (2019) 1:68-79. DOI 10.17470/NF-019-0010

(2014) Comparative studies on physico-chemical proper-
ties of starches from jackfruit seed and mung bean. Int J 
Food Prop 17:1965–1976

59.	 Luciano CG, Landi Franco CM, Ayala Valencia G, do Am-
aral Sobral PJ, Freitas Moraes IC (2017) Evaluation of ex-
traction method on the structure and physicochemical 
properties of starch from seeds of two jackfruit varieties. 
Starch-Stärke 69:1700078

60.	 Fu L, Zhu J, Zhang S, Li X, Zhang B, Pu H, Li L, Wang Q 
(2018) Hierarchical structure and thermal behavior of 
hydrophobic starch-based films with different amylose 
contents. Carbohydr Polym 181:528–535

61.	 Lawal OS, Adebowale KO, (2005) Physicochemical char-
acteristics and thermal properties of chemically modi-
fied jack bean (Canavalia ensiformis) starch. Carbohydr 
Polym 60:331–341

62.	 Chung HJ, Woo KS, Lim ST (2004) Glass transition and en-
thalpy relaxation of cross-linked corn starches. Carbohy-
dr Polym 55:9–15

63.	 Zhang Y, Hu M, Zhu K, Wu G, Tan L (2018) Functional 
properties and utilization of Artocarpus heterophyllus 
Lam seed starch from new species in China. Int J Biol 
Macromol 107:1395–1405

64.	 Hagenimana A, Ding X, Fang T (2006) Evaluation of rice 
flour modified by extrusion cooking. J Cereal Sci 43:38–46

65.	 Singh H, Sodhi NS, Singh N (2009) Structure and function-
al properties of acid thinned sorghum starch. Int J Food 
Prop 12:713–725

66.	 Sandhu KS, Singh N, Lim S (2007) A comparison of native 
and acid thinned normal and waxy corn starches: Physi-
cochemical, thermal, morphological and pasting proper-
ties. LWT-Food Sci Technol 40:1527–1536

67.	 Wang YJ, Truong VD, Wang L (2003) Structures and rhe-
ological properties of corn starch as affected by acid hy-
drolysis. Carbohydr Polym 52:327–333

68.	 Cheow CS, Kyaw ZY, Howell NK, Dzulkifly MH (2004) Rela-
tionship between physicochemical properties of starches 
and expansion of fish cracker ‘keropok’. J Food Qual 27:1–12

69.	 Miyazaki M, Van Hung P, Maeda T, Morita N (2006) Re-
cent advances in application of modified starches for 
breadmaking. Trends Food Sci Technol 17:591–599

70.	 Sajilata MG, Singhal RS (2005) Specialty starches for 
snack foods. Carbohydr Polym 59:131–151

71.	 Mun S, Kim YL, Kang CG, Park KH, Shim JY, Kim YR (2009) 
Development of reduced-fat mayonnaise using 4αG-

taro Colocasia esculenta (L.) Schott grown in different re-
gions of Thailand. Sci Asia 32:279–284

46.	 Shin SI, Kim HJ, Ha HJ, Lee SH, Moon TW (2005) Effect of 
hydrothermal treatment on formation and structural 
characteristics of slowly digestible non–pasted granular 
sweet potato starch. Starch-Stärke 57:421–430

47.	 Vermeylen R, Goderis B, Delcour JA (2006) An X-ray study 
of hydrothermally treated potato starch. Carbohydr 
Polym 64:364–375

48.	 Khunae P, Tran T, Sirivongpaisal P (2007) Effect of 
heat-moisture treatment on structural and thermal 
properties of rice starches differing in amylose content. 
Starch-Stärke 59:593–599

49.	 Koo SH, Lee KY, Lee HG (2010) Effect of cross-linking on 
the physicochemical and physiological properties of corn 
starch. Food Hydrocoll 24:619–625

50.	 Singh J, Kaur L, McCarthy OJ (2007) Factors influencing 
the physico-chemical, morphological, thermal and rheo-
logical properties of some chemically modified starches 
for food applications—A review. Food Hydrocoll 21:1–22

51.	 Kaur L, Singh N, Sodhi NS (2002) Some properties of pota-
toes and their starches II. Morphological, thermal and rhe-
ological properties of starches. Food Chem 79:183–192

52.	 Singh N, Singh J, Kaur L, Sodhi NS, Gill BS (2003) Morpho-
logical, thermal and rheological properties of starches 
from different botanical sources. Food Chem 81:219–231

53.	 Kaur L, Singh J, Singh N (2005) Effect of glycerol monostea-
rate on the physico-chemical, thermal, rheological and 
noodle making properties of corn and potato starches. 
Food Hydrocoll 19:839–849

54.	 Singh, J, Singh, N (2003) Studies on the morphological 
and rheological properties of granular cold water soluble 
corn and potato starches. Food Hydrocoll 17:63–72

55.	 Singh J, Kaur L, Singh N (2004a) Effect of acetylation on 
some properties of corn and potato starches. Starch-
Stärke 56:586–601

56.	 Singh N, Chawla D, Singh J (2004b) Influence of acetic anhy-
dride on physicochemical, morphological and thermal prop-
erties of corn and potato starch. Food Chem 86:601–608

57.	 Santos LS, Bonomo RCF, Fontan RCI, Santos WO, Silva 
AAL (2009) Gelatinization temperature and acid resis-
tance of jackfruit seed starch (Temperatura de gelatini-
zación y resistenciaácida de almidón de semilla de jaca). 
CYTA J Food 7:1–5

58.	 Phrukwiwattanakul P, Wichienchotand S, Sirivongpaisal P 



79

Comprehensive review of the impact of modification on the properties of jackfruit seed starch and its applications 

Tase-modified rice starch and xanthan gum. Biol Macro-
mol 44:400–407

72.	 Koca N, Metin M (2004) Textural, melting and sensory 
properties of low-fat fresh kashar cheeses produced by 
using fat replacers. Int Dairy J 14:365–373

73.	 Sandoval-Castilla O, Lobato-Calleros C, Aguirre-Mandu-
jano E, Vernon-Carter EJ (2004) Microstructure and tex-
ture of yogurt as influenced by fat replacers. Int Dairy J 
14:151–159

74.	 Van Hung P, Morita N (2004) Dough properties and bread 
quality of flours supplemented with cross-linked corn-
starches. Food Res Int 37:461–467

75.	 Altunakar B, Sahin S, Sumnu G (2004) Functionality of bat-
ters containing different starch types for deep-fat frying of 
chicken nuggets. Eur Food Res Technol 218:318–322

76.	 Sanz T, Salvador A, Fiszman SM (2008) Resistant starch 
(RS) in battered fried products: Functionality and high-fi-
bre benefit. Food Hydrocoll 22:543–549

77.	 Aparicio-Saguilán A, Sayago-Ayerdi SG, Vargas-Torres A, 
Tovar J, Ascencio-Otero TE, Bello-Pérez LA (2007) Slowly 
digestible cookies prepared from resistant starch-rich lint-
nerized banana starch. J Food Compo Anal 20:175–181

78.	 Baixauli R, Salvador A, Hough G, Fiszman SM (2008) How 
information about fibre (traditional and resistant starch) 
influences consumer acceptance of muffins. Food Qual 
Prefer 19:628–635

79.	 Gunaratne A, Ranaweera S, Corke H (2007) Thermal, 
pasting, and gelling properties of wheat and potato 
starches in the presence of sucrose, glucose, glycerol, 
and hydroxypropyl β-cyclodextrin. Carbohydr Polym 
70:112–122

80.	 Jeon YJ, Vasanthan T, Temelli F, Song BK (2003) The suit-
ability of barley and corn starches in their native and 
chemically modified forms for volatile meat flavor encap-
sulation. Food Res Int 36:349–355

81.	 Krishnan S, Bhosale R, Singha K (2005) Microencapsula-
tion of cardamom oleoresin: Evaluation of blends of gum 
arabic, maltodextrin and a modified starch as wall mate-
rials. Carbohydr Polym 61:95–102

82.	 Kanakdande D, Bhosale R, Singhal RS (2007) Stability of 
cumin oleoresin microencapsulated in different combi-
nation of gum arabic, maltodextrin and modified starch. 
Carbohydr Polym 67:536–541

83.	 Lawal MV, Odeniyi MA, Itiola OA (2015) The effect of 
thermal and chemical modifications of excipients on the 
compressional properties of paracetamol tablet formu-

lations including maize, cassava and sweet potato starch-
es as filler-binders. J Excip Food Chem 6:65–82

84.	 Xiao HX, Lin QL, Liu GQ, Yu FX (2012) A comparative study 
of the characteristics of cross-linked, oxidized and du-
al-modified rice starches. Molecules 17:10946–10957

85.	 Debnath S, Gayathri VG, Niranjan Babu M (2013) Chemi-
cally modified starches and their applications in pharma-
cy. Int J Res Pharma Nano Sci 2:332–344

86.	 Korhonen O, Raatikainen P, Harjunen P, Nakari J, Suihko 
E, Peltonen S, Vidgren M, Paronen P (2000) Starch ace-
tates—multifunctional direct compression excipients. 
Pharm Res 17:1138–1143

87.	 Saboktakin MR, Maharramov A, Ramazanov MA, Mah-
kam M (2007) Modification of carboxymethyl starch as 
nano carriers for oral drug delivery. Nat Sci 5:30–36

88.	 Singh AV, Nath LK, Singh A (2010) Pharmaceutical, food 
and non-food applications of modified starches: a critical 
review. EJEAFChe 9:1214–1221

89.	 Mohammed KG (2017) Modified starch and its potentials 
as excipient in pharmaceutical formulations. Nov Appro 
Drug Des Dev1:555551

90.	 Rowe RC, Sheskey PJ, Owen SC (2006) Handbook of phar-
maceutical excipients, 5th edn. Pharmaceutical Press 
and the American Pharmacists Association 32:725–730

91.	 Narkhede SB, Bendale AR, Jadhav AG, Patel K, Vidyasagar 
G (2011) Isolation and evaluation of starch of Artocarpus 
heterophyllus as a tablet binder. Int J PharmTech Res 
3:836–840

92.	 Nayak AK, Pal D, Santra K (2015) Screening of polysac-
charides from tamarind, fenugreek and jackfruit seeds as 
pharmaceutical excipients. Int J Biol Macromol 79:756–760

93.	 Sarmin M, Chowdhury AR (2014) Isolation of starch from 
a non-conventional source (Jackfruit seeds) as an alterna-
tive to conventional starch for pharmaceutical and food 
industries. Annals Pharma Res 2:47–54

94.	 Suryadevara V, Lankapalli SR, Danda L, Pendyala V, Katta 
V (2017) Studies on jackfruit seed starch as a novel natural 
superdisintegrant for the design and evaluation of irbe-
sartan fast dissolving tablets. Integr Med Res 6:280–291


