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prospects in the field of research on pullulan production have 
been uncovered.
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Abbreviations
GRAS	� Generally considered as safe
EMS	� Ethyl methane sulfonate
UV	� Ultra violate
ATP	� Adenosine triphosphate
ADP	� Adenosine diphosphate
PKSIII	� Polyketide synthase III
DNA	� Deoxyribonucleic acid
UDPG	� Uridine diphosphate glucose
UDP	� Uridine diphosphate
LED	� Light emitting diode
COD	� Chemical oxygen demand
RSM	� Response surface methodology

Abstract  Pullulan is a commercially available exopolymer 
biosynthesized by Aureobasidium pullulans supplemented 
with nitrogen, carbon and other vital components through 
submerged and solid-state fermentation. These nutrients 
are very expensive and it raises the cost for the production 
of pullulan. Hence, the need of alternative cost-effective 
raw materials for its production is a prerequisite. Owing to 
its unique physicochemical features, pullulan has various 
applications in the food, pharmacological, and biomedical 
domains. Food industrial wastes generate a considerable 
number of by-products which accumulates and has a nega-
tive influence on the environment. These by-products are 
made up of proteins, carbohydrates, and other components, 
can be employed as substrates for the production of pullulan. 
The present review briefs on the pullulan production using 
food processing waste and by-products and the elements that 
impact it. It provides an insight into versatile applications 
of pullulan in food industries. Various challenges and future 
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BOD	� Biological oxygen demand
DO	� Dissolved oxygen

Introduction

Pullulan is an inert, linear polysaccharide generated aerobi-
cally over sugar and starch conditions by Aureobasidium pul-
lulans, a yeast-like microorganism with gene mutations. The 
molecule is structured of repeated units of maltotriose cou-
pled by 1,6-glycosidic interconnections to three 1,4-linked 
glucose molecules (Singh et al. 2017, 2021; Mishra and Var-
jani 2019). A stair-step structure is formed by this repeating 
pattern. Chain flexibility and solubility are enhanced by the 
regular modification of -1,4 and -1,6 bonds (Hamidi et al. 
2019; Vivek et al. 2020). Nitrogen source, carbon source, 
and other functional ingredients for A. pullulans are required 
for fermentative biosynthesis of pullulan. It is a ‘generally 
considered as safe’ (GRAS) excipient since it is innocuous, 
non-immunogenic, noncarcinogenic, and non-mutagenic 
(Mishra and Suneetha 2014; Mishra et al. 2018; Liu et al. 
2020). It serves as a low-calorie dietary fibre alternative for 
starch in food preparations. Molding a wet pullulan solution 
on a flat surface produces good films with minimal oxygen 
permeability (Raychaudhuri et al. 2020; Priyadarshi et al. 
2021). Pullulan granules are crystalline, non-hygroscopic, 
whitish, and breakdown promptly in both hot and cold water. 
In opposed to dextran, pullulan degrades much more quickly 
in blood serum (Tabasum et al. 2018). For its non-animal 
origin, pullulan is appropriate for all consumer groups. 
Chewing gum and bubble gum contain this as an exfoliant 
and glazing agent. It’s also utilised in milk-based sweets as 
a foaming ingredient (Singh et al. 2017; Mishra and Varjani 
2019).

The nutrients needed in the synthesis of pullulan are 
costly. It adds to the expense of production (Mishra and 
Varjani 2019). However, many food processing industries 
generate waste enriched with inorganic and organic com-
pounds essential for A. pullulans to flourish. Food process-
ing and agribusiness dwellers engender a significant amount 
of waste, which, if disposed of untreated, can result in seri-
ous ecological concerns (Mishra et al. 2018; Varjani et al. 
2020, 2021; Vyas et al. 2022; Yaashikaa et al. 2022). On a 
global scale, it is statistically found that nearly one-third of 
all food residues is wasted, equivalent to 1.3 billion tonnes of 
food every year. Furthermore, lost or wasted food generates 
roughly 3.49 billion tonnes of greenhouse emissions across 
the supply chain (FAO 2019). Landfilling, composting, 
thermal treatment is among the most common waste man-
agement technique now in use. A multitude of food indus-
trial by-products has been documented to produce pullulan 
(Mishra et al. 2018; Vivek et al. 2020; Abdeshahian et al. 

2021; Wani et al. 2021). The volarization methods for food 
industrial wastes have been illustrated in Fig. 1.

Due to i ts  higher cost  (Approximately,  Rs 
3000–6000 per kg in India), pullulan is underutilised in 
comparison to other exopolysaccharides. This biopolymer 
is imported into India from China, Japan, and the United 
States. To meet market demand, it is necessary to boost pul-
lulan production on a pilot scale using low-cost and envi-
ronmentally friendly methods. The present review describes 
the utilization of various food processing waste and its by-
products for efficient production of pullulan and its applica-
tions. These residues can be utilized as an alternate substrate 
to produce pullulan through solid-state fermentation or sub-
merged fermentation.

Biosynthesis of pullulan

Despite the fact that pullulan’s chemical composition was 
discovered in the 1960s and it has been involved in the pro-
duction and exploited in the medicaments, cosmetics, and 
food sectors for over 40 years, its biosynthetic mechanism 
had remained a mystery for decades (Mishra et al. 2011). 
Despite this, many efforts have been made to decipher its 
synthesis route, as well as the necessary enzymes and genes 
that encode it.

Microbial sources

Because of its high yield and excellent pullulan character-
istics, Aureobasidium pullulans is one of the most exten-
sively utilised strains in commercial pullulan production. 
Aureobasidium pullulans is a genetically distinct yeast-like 
fungus that can often be encountered in freshwater, wood, 
soils, rock, and animals and plants tissues, besides other 
places. It is harmful to plants but non-pathogenic to people, 

Fig. 1   Food industrial waste volarization methods
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but only a few strains of A. pullulans are pathogenic and 
can cause health problems (Singh et al. 2019). Amylases, 
esterases, hemicellulases, pectinases, proteases, and other 
enzymes are produced by A. pullulans isolates (Singh and 
Saini 2012). The synthesis of pullulan via, blastospores and 
hyphal cells in submerged fermentation, and other aspects 
of A. pullulans’ development cycle were examined. A few 
investigations have also shown that different A. pullulans 
strains produce dissimilar pullulans (composition and struc-
ture). Apart from the polysaccharide pullulan, A. pullulans 
generate a dark pigment known as melanin, which gives anti-
microbial properties to phagocytosis in the recipient and also 
causes polysaccharide chlorosis (Mishra et al. 2018; Singh 
et al. 2019; Wani et al. 2021). Various parameters, such as 
the ATP/ADP ratio, knocking out the PKSIII (Polyketide 
Synthase III) gene, incorporating desired genes into genomic 
DNA, and others, have been found to boost pullulan produc-
tivity and diminish melanin synthesis in metabolic engineer-
ing (Li et al. 2016).

There are several physicochemical ways for removing 
melanin from fermented media (adsorption with solvents, 
activated charcoal, and salts), however, the cost must be 
considered. To reduce capital investment, strains must be 
altered, metabolisms must be engineered. However, care 
must be taken to preserve the strain’s potential for produc-
ing pullulan with good viscosity, molecular weight distribu-
tion, and other physical features (Seviour et al. 2011; Cas-
tillo et al. 2015; Reddy et al. 2021). Rhodotorula bacarum, 
Rhodosporidium paludigenum, Cyttaria darwinii, Cyttaria 
harioti, Cryphonectria parasitica, Aspergillus japonicus, 
Teloschistes flavicans, Tremella mesenterica, Micrococcus 
leuteus are among the strains capable of producing pullulan 
(Mishra et al. 2018). In an attempt to optimise A. pullulans’ 
pullulan productivity, the strain must be investigated through 
mutation and metabolic engineering. Some of the strains, 
like Aureobasidium mousonni (NCIM 1226), Aspergillus 
japonicus-VITSB1, were modified utilising Ethyl methane 
sulfonate (EMS) and UV rays’ mutagenesis for good yields 
and enhanced level of pullulan (Mishra and Suneetha 2014).

Mechanism of pullulan synthesis

Within the cell, pullulan is produced and extravasated into 
the medium as a slimy, loose, and amorphous layer through 
the -glucan layer. The microbe’s creation of the precursor 
will speed up the formation of pullulan. Pullulan is made up 
of units of maltitriose joined together by a -1,4 glycosidic 
connection, whereas -1,6 glycosidic bonds connect the suc-
ceeding maltotriose units. The connection offers great struc-
tural flexibility as well as increased pullulan solubility (Dai-
lin et al. 2019; Liu et al. 2021). Pullulan biosynthesis is a 
multistep biological reaction in A. pullulans. Pullulan is syn-
thesised through the adjudication of sugar-nucleotide-lipid 

transport medians in the membrane of the cell section. 
Because of the complex properties of the microorganism 
that generates pullulan, the specific method of the pullulan 
biosynthetic pathway has not been fully elucidated. Pul-
lulan synthesis is aided by the accumulation of glucose in 
the cell during the early stages of fermentation. Phospho-
glucomutase, glucosyltransferase, and Uridine diphosphate 
glucose pyrophosphorylase (UDPG-pyrophosphorylase) are 
the major enzymes engaged in the synthesis of pullulan. The 
enzymes phosphoglucomutase and UDPG-pyrophosphory-
lase convert subtle carbon (glucose) to Uridine Diphosphate 
glucose, which is a necessary prerequisite of pullulan syn-
thesis. Hexokinase helps to combine glucose-6-phosphate 
with glucose, further converted to glucose-1-phosphate by 
the enzyme -phosphoglucomutase. The D-glucose in Uri-
dine Diphosphate-glucose generates an isomaltosyl residue 
when it mixes with additional glucose units. The isopanosyl 
moiety is produced by the metabolic interaction between 
iso-maltosyl and lipid-linked glucose, which is subsequently 
polymerized by the glucosyltransferase enzyme to make pul-
lulan polysaccharide (Duan et al. 2008; Sugumaran and Pon-
nusami 2017; Mishra et al. 2018; Singh et al. 2019). The 
generation of phosphodiester links from UDP-glucose, the 
development of isomaltose monomers, and the manufacture 
of iso-panosyl molecules are the different phases of pullulan 
chain biosynthesis. Figure 2 depicts the biosynthetic routes 
for the formation of pullulan.

Utilization of food processing waste for pullulan 
production

Sugarcane bagasse and molasses

Sugarcane is among the most widely grown in cultivation 
in India and other parts of the world. Sugarcane bagasse is 
produced when cane pulp is harvested for the production 
of refined sugar and its by-products. Bagasse is produced 
in the amount of 280 kg each tonne of sugar churns out 
amounting to about 10 crore tonnes annually. Cane bio-
mass is a lignocellulosic substance made up of, hemicel-
lulose (27.89 ± 2.68%), cellulose (38.59 ± 3.45%), organic 
matter (1.61 ± 0.16%), lignin (17.79 ± 0.62%), and ashes 
(8.80 ± 0.02%) (Cheng and Zhu 2013). Hydrolysis of cellu-
lose from cane biomass transforms plant-derived dry sugars 
into basic sugars that can be used by a wide range of micro-
organisms. Sulfuric acid was used to hydrolyse the vaporised 
cane biomass at 100 °C for 30 min, and at 28 °C, activated 
charcoal was used to detoxify the digestate, with continu-
ous vertexing (50 rpm) for 4 h. The hydrolysate was 12% 
glucose, 7% arabinose, 70% xylose, and 11% other chemi-
cals, and it was utilised by A. pullulans to produce pullulan. 
The addition of DL-dithiothreitol (1.0 mM) to a sugarcane 
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bagasse hydrolysate-based medium and pH control improved 
pullulan generation in shake-flask fermentation processes 
(Chen et al. 2014). Pullulan generation by Aureobasidium 
pullulans is coupled with the creation of melanin, which 
drives up the cost of downstream treatments. Deploying a 
blue LED entirely prevents melanin formation throughout 
the fermentation procedure, while a red LED promotes A. 
pullulans development. In shake-flask fermentation pro-
cesses and column bubble photobioreactors, sugarcane 
bagasse hydrolysate was employed to produce pullulan by A. 
pullulans. Pullulan yield in column bubble photobioreactors 
(25.19 g/L) was comparable to shake-flask fermentations 
(Hilares et al. 2019).

Molasses is a dusky viscous fluid that forms as an off-
shoot of the sugarcane juice refining process. The sugar 
factory releases a large quantity of molasses into the local 
water source, causing significant contamination. Molasses 
is made up of fermentable sugars like total solids (70–85%), 
glucose and fructose (48–60%), organic content (9–12%) 
(Singh et al. 2019). Molasses may be readily absorbed as 
a substrate of carbon for the formation of pullulan by A. 
pullulans because of these sugars. Molasses, on the other 
hand, contains heavy metals (iron, manganese, copper, zinc, 
magnesium, calcium, and so on), which inhibit the develop-
ment of microbes, suppress beneficial enzymes, and reduce 
the end yield of the product (Mishra et al. 2018). As a result, 
molasses pretreatment is an important step in achieving a 
high-quality and high-quantity product output. The best 
approach for removing heavy metals is to treat molasses 
with sulphuric acid. Sulphuric acid (1 N) was appended 
to molasses as a pretreatment, after which the mixture has 
been left to exist for 24 h before centrifugation was used 
to extract the supernatant (Singh et al. 2019). The use of 
activated carbon in conjunction with sulfuric acid aids in 

the expelling of excess colouring compounds, amino acids, 
and heavy metals, improving pullulan synthesis at the shake-
flask level. Pullulan manufacture is cost-effective when pre-
treated molasses is used as the production medium (Srikanth 
et al. 2014).

Potatoes and sweet potatoes residues

The starch grain is found in the cells of the potato root tuber. 
The potato starch business has released a significant quantity 
of waste residue, which comprises leachates and potato resi-
dues. This has big repercussions for the ecosystem. Carbohy-
drates are the primary elements of potato starch waste. These 
effluents have a chemical oxygen demand (COD) that was 
found to be greater than 30 g/L, indicating that they are high 
in eco-friendly elements (cellulose, starch, and proteins) that 
microorganisms may use. The utilization of potato starch 
waste for the synthesis of pullulan by using the strain of A. 
pullulan P56 was investigated by some researchers (Mishra 
et al. 2018). Amyloglucosidase and Pullulanase enzymes 
(Ca-alginate immobilised form) were used to liquefy potato 
starch in a packed bed reactor. The threshold pullulan gen-
eration was discovered to be 19.2 g/L, and after optimising 
several course criteria, the output was enhanced by 20% over 
the preliminary level (Mishra et al. 2018). It was observed by 
combining potato starch hydrolysate with sucrose improved 
pullulan synthesis, and that a minuscule portion of sucrose 
could trigger the enzymes required for pullulan fabrica-
tion, allowing for more effective potato starch hydrolysate 
conversion. It was also looked at using crude potato starch 
hydrolysates for pullulan synthesis. After 96 h of fermenta-
tion, the highest pullulan manufacture was reported to be 
36.17 g/L. Pullulan production was compared using glu-
cose and sucrose as carbon sources, yielding 22.07 g/L and 

Fig. 2   Mechanism of pullulan 
synthesis
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31.42 g/L of pullulan, respectively (Wu et al. 2016). These 
observations highlight the possibility of using fresh potato 
starch hydrolysates as an affordable provenance of carbon 
for producing pullulan.

Sweet potato is a carbohydrate-rich, beta-carotene-rich, 
vitamin-rich, and fibre-rich tuberous root vegetable. Proteins 
account for 87% of the sweet potato hydrolysate, followed 
by sugar (1.56%), blubber (0.6%), coarse fibre (0.16%), and 
cinders (2.19%). Sweet potato is mostly made up of starch, 
which is well suited to industrial fermentation despite the 
fact that many industrially significant microbes cannot use it 
in its natural state. The same procedure is used to hydrolyse 
sweet potato starch as it is for potato starch. Small bits of 
sweet potato are treated with separate enzymes (amylase, 
pullulanase, and β-amylase) during the saccharification pro-
cess. Because sweet potatoes contain a significant quantity 
of β-amylase, it is not necessary for accentuating another 
resource. The sweet potatoes are treated with β-amylase 
and pullulanase in the first phase of hydrolysis. β-amylase, 
which is found in sweet potatoes, might further sacchar-
ify the hydrolysate. In fermentation processes, saccharine 
potato hydrolysate can be employed as an economical base 
for carbon. A. pullulans used sweet potato hydrolysate in 
shake-flask fermentation to produce pullulans (Wu et al. 
2009; Mishra et al. 2018). Pullulan derived using sweet 
potato hydrolysate (3.4 105 Da) had a mol. wt. larger than 
that obtained from glucose (1.3 105 Da) and sucrose (1.7 
105 Da) media. Marine cold-adapted -amylase can success-
fully hydrolyze sweet potato starch (Wu et al. 2009). Vari-
ous sugars like isomaltose, maltose, maltotriose, glucose, 
and other maltooligosaccharides make up the sweet potato 
hydrolysate. These hydrolysate components have a high 
interfacial adhesion. In a study, A. pullulans produced more 
pullulans (36.17 g/L) from sweet potato hydrolysate than it 
did from glucose (22.07 g/L) or sucrose (31.42 g/L). As a 
result, sweet potato hydrolysate would be used to produce 
pullulan at a low cost (Wu et al. 2016).

Grape residues

Grapes are a vital component of the wine and juice indus-
tries. Grapes are processed by removing the exocarp and 
extracting the taille from the mash. Grape extract is gener-
ally employed in the creation of bottled goods; however, 
grape peel and the slash are discarded as grape pomace after 
processing. Total sugars (85.20%), reducing sugars (3.40%), 
protein (7.80%), and glucose (1.280%) are all present in 
grape pomace (Mishra et al. 2018). Acids, colours, and spe-
cific salts are also abundant, all of which are employed in 
the food sector. In its solid form, a grape poultice is difficult 
to use; however, grape peel and slop extricate is much easier 
to ply. The grape poultice harvest can be made by pouring 
boiling water into the grape pomace, blending for 30 min, 

and then filtering (Singh et al. 2019). Pullulan production 
by Aureobasidium pullulans using shake-flask fermentation 
processes was achieved using grape poultice extricate, with 
a pullulan yield of 22.3 g/L (Israilides et al. 1998). Pullulan 
made from grape pomace extract is uniformly composed, has 
a high molecular weight, and has a higher yield.

Other food industrial residues

Sugumaran et  al. (2014) conducted research in which 
four food waste by-products, namely rice and wheat bran, 
coconut and palm kernels, were identified as nadir carbon 
sources for A. pullulans pullulan synthesis in the solid state 
for fermentation (50% moisture content). The ideal carbon 
source amongst four food waste by-products was palm ker-
nel, which yielded 16 g/L pullulan. Later, using Response 
Surface Methodology (RSM) with Asian Palm Kernel as a 
carbon source, they have improved the process variables for 
pullulan production. The output of pullulan was raised to 
30.4 g/L. In conclusion, palm kernel proves to be a minimal 
substrate for pullulan biosynthesis.

The soy sauce industry produces a lot of soybean pomace, 
which is a key food waste by-product. Carbohydrates and 
proteins are the two main components. Despite the fact that 
soybean pomace is quite useful, it is dumped as dissipate 
due to the extreme sodium chlorite level (NaCl). This has 
major consequences for the ecosystem. Furthermore, dis-
carding soybean pomace, which is an abundant wellspring 
of carbs and proteins, is a major waste of natural deposits. 
So many studies had been performed with soybean pomace 
as a source of nitrogen pullulan production by A. pullulan 
HP-2001 (Mishra et al. 2018; Singh et al. 2019).

Coconut water is indeed a transparent beverage found in 
the centre of the coconut. It is made up of simple sugars 
and electrolytes, which are easily absorbed carbohydrates. 
Coconut milk is made by grating the meat of a ripe coco-
nut into a liquid. Various industries that produce desiccated 
coconut, copra, as well as items made from coconut meat 
(Coconut honey, Coco sauce, roasted young coconut, coco-
nut chips, cream, candy, and flour, for example) coconut 
water and coconut milk are produced as waste. Coconut 
offshoot is classified as a vital contaminant in nature due to 
its greater Biological Oxygen Demand (BOD). This envi-
ronmental issue has piqued current academics’ interest in 
coconut by-products and prompted their use in the manufac-
turing of such a pivotal industrial product. Thirumavalavan 
et al. (2009) investigated utilised coconut milk and water to 
develop pullulan. Since coconut milk has a greater C/N ratio 
than coconut water, it has been demonstrated to be some-
what more beneficial for pullulan synthesis.

Jaggery was employed as a carbon source for the manu-
facture of pullulan by various researchers with A. pullulans 
CFR-77 and A. pullulans MTCC 2195 (Mishra et al. 2018). 
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A concise delineation regarding the utilization of food pro-
cessing waste for pullulan production has been highlighted 
in Table 1.

Fermentative production of pullulan

Different media as well as other process variables influence 
the pullulan fermentation process. Fermentation media 
structure, fermentation pattern and duration, arrangement, 
bioreactor construction, microbial entities, moisture levels, 
physical properties, morphogenesis, deployable temperature, 
pH, illuminance, oxygen profile, and other factors might 
very well impact the efficient implementation of the fer-
mentation process for increased pullulan productivity.

Microbial culture

The form of microbial culture is another crucial aspect that 
influences pullulan productivity. According to prior publica-
tions, A. pullulans seems to be the highest pullulan-produc-
ing wild strain ever discovered. The mutant strains facilitated 
the large-scale execution of reactions under ideal conditions. 
Other mutant strains aided with the manufacturing of high-
molecular-weight pullulan, which increased cell prolifera-
tion while reducing melanin pigmentation (Liu et al. 2020). 
Pullulan was synthesized through coculturing of a strain 
that produces pullulans, A. Kluyveromyces fragile ATCC 
52,466, an insulin degradation strain, and A. pullulans SH 
8646. The efficacy of fermentation suggests that the polymer 
synthesising activity of the currently employed genetically 
mutated isolates of A. pullulans is practically indistinguish-
able (Mishra et al. 2018).

Type of fermentation

Multiple investigations examined the repercussions of fer-
mentation formats, such as batch, fed-batch, and continu-
ous, on competence of pullulan production. The problem 
of suppressing the effect of increased concentration of sub-
strate could be avoided by supplying restricting substrates 
to the medium on an irregular basis. The fed-batch mode, 
on the other hand, boosted productivity until a certain point 
but did not exhibit a significant improvement in yield after 
adding sucrose (Singh et al. 2019; Reddy et al. 2021). Fur-
thermore, within a week of cultivation, the fed-batch tech-
nique showed a negligible decline in pullulan concentration. 
Several investigations have shown that continuous mode is 
used to produce pullulan Exopolysaccharide production was 
said to have increased for a long period without causing any 
difficulties, according to reports. However, in the continual 
modus operandi, the dilution rates were exceptionally low. 
In a chemostat, the rates of dilution are indeed a significant 

parameter that determines biopolymer production. Accord-
ing to the literature, using a chemostat system increased pul-
lulan output albeit at lower dilution rates. Long-term pro-
duction is possible with continuous fermentation procedures 
combined with increased cell biomass (Reddy et al. 2021). 
The process of production of pullulan has been illustrated 
in Fig. 3.

Bioreactor operation and configuration

The broth makeup and behaviour at various agitation speeds, 
firm airflow access, and low shear rate, among other aspects, 
all have a significant impact on the synthesis process in 
submerged fermentation, resulting in ideal conditions for 
microbe development. All of the parameters listed above 
could be manipulated in the bioreactor. As a result, bioreac-
tor configuration plays a critical role in improving pullulan 
production efficiency. High productivity will be aided by the 
development of novel and revolutionary fermentation reac-
tors. Different bioreactors, such as the reciprocating plate 
bioreactor, have been created to accommodate the fermen-
tation process and produce high pullulan productivity. The 
configuration of the reactor, such as biofilm and suspended 
culture, has an impact on the biological system’s function 
and regulates the process (Reddy et al. 2021). To immo-
bilise the strain, transporters for biofilm configuration has 
been widely used. Despite the multiple benefits of biofilm 
structure, substrate clumping and other parameters such 
as inadequate free volume, aeration rate, and so on had an 
impact on metabolite production (Seviour et al. 2011; Wani 
et al. 2021).

With the passage of time, the quantity of pullulan gen-
erated and its yield change. According to reports, the fer-
mentation period required to achieve optimum pullulan 
output varies depending on operational circumstances and 
microbial cultures. As a result, depending on the microbial 
populations and operating conditions, the best period for 
producing high pullulan yields ranges from 48 h to 5.36 days 
(Sugumaran et al. 2014).

Pullulan supplication in food industries

Pullulan is also useful for making edible coatings because 
it is simultaneously a food ingredient and has the potential 
to form films due to its properties. In the food industry, Pul-
lulan can be used as a starch substitute in low-calorie food 
recipes, as well as a food deposition and bottling material. It 
can also be utilised as a spice and flavouring in microencap-
sulated seasoning agents (Priyadarshi et al. 2021). Because 
of its intensifier qualities, it is commonly used in sauces, 
soups, and beverages. It is often used to keep mayonnaise’s 
grade and appearance stable (Singh et al. 2019). Pullulan is 
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Table 1   Comprehensive report on the utilization of food processing waste for pullulan production

Food processing waste Microorganism Fermentation process and pro-
cess parameters

Pullulan (g/L) References

Beet Molasses A. pullulans P 56 Shake and flask (Submerged)
8 days, 200 rpm, 28 °C

24.00 Lazaridou et al. (2002)

Beet Molasses A. pullulans P 56 Shake and flask (Submerged)
5 days, 400 rpm, 28 °C, aeration 

rate 2 vvm

6.6 Goksungur et al. (2004)

Cassava bagasse A. pullulans MTCC 2195 Shake and flask (Submerged)
5 days, 35 °C, 150 rpm,

45.00 Srikanth et al. (2014)

Cassava bagasse A. pullulans MTCC 1991 Solid-state fermentation in flask
7 days, 28 °C

32.00 Ray and Moorthy (2007)

Cassava bagasse A. pullulans MTCC 2670 Solid-state fermentation in flask
5 days, 30 °C

19.00 Sugumaran and Ponnusami 
(2017)

Corn steep liquor A. pullulans RBF 4A3 Shake and flask (Submerged)
5 days, 28 °C, 200 rpm

88.59 Sharma et al. (2013)

Corn steep liquor A. pullulans ATCC 42,023 Shake and flask (Submerged)
5 days, 28 °C, 210 rpm

65.30 Hafez et al. (2007)

Coconut milk A. pullulans MTCC 2195 Shake and flask (Submerged)
7 days, 28 °C, 200 rpm

58.00 Thirumavalavan et al. (2009)

De-oiled rice bran A. pullulans MTCC 6994 Shake and flask (Submerged)
7 days, 30 °C, 150 rpm

54.8 Singh and Kaur (2019)

Grape skin pulp extract A. pullulans NRRLY 6220 Shake and flask (Submerged)
5 days, 28 °C, 200 rpm

22.3 Israilides et al. (1998)

Jackfruit seeds A. pullulans NCIM 1049 Solid-state in flask
7 days 28 °C

34.2 Sugumaran et al. (2013)

Jackfruit seeds A. pullulans MTCC 2195 Shake and flask (Submerged)
7 days, 30 °C, 200 rpm

18.76 Sharmila et al. (2013)

Jatropha seedcake A. pullulans RBF 4A3 Shake and flask (Submerged)
5 days, 28 °C, 200 rpm

83.98 Choudhury et al. (2012)

Palm kernel A. pullulans MTCC 2670 Solid-state in flask
7 days 30 °C

18.43 Sugumaran et al. (2013)

Potato starch water A. pullulans 201,253 Stirred tank reactor fermentation 
(Submerged)

5 days,28 °C, 500 rpm

54.57 An et al. (2017)

Potato starch water A. pullulans P 56 Shake and flask (Submerged)
5 days, 28 °C, 200 rpm

19.20 Goksungur et al. (2011)

Rice hull A. pullulans CCTCCM2012259 Stirred tank reactor fermentation 
(Submerged)

3 days, 28 °C, 400 rpm, aeration 
rate 3 L min−1

22.20 Wang et al. (2014)

Soybean pomace A. pullulans MTCC 1991 Stirred tank reactor fermentation 
(Submerged)

7 days, 27 °C, 210 rpm, aeration 
rate 1.25 vvm

125.7 Sheoran et al. (2012)

Sugarcane bagasse A. pullulans LB83 Shake and flask (Submerged)
4 days, 28 °C, 200 rpm

15.70 Hilares et al. (2017)

Sugarcane bagasse A. pullulans LB83 Shake and flask (Submerged)
4 days, 25.3 °C, 232 rpm

25.19 Hilares et al. (2019)

Sugarcane molasses A. pullulans MTCC 2195 Shake and flask (Submerged)
5 days, 35 °C, 150 rpm

45.0 Srikanth et al. (2014)

Sweet potato hydrolysate A. pullulans AP329 Shake and flask (Submerged)
4 days, 28 °C, 200 rpm

29.43 Wu et al. (2009)

Whey A. pullulans ATCC 42,023 Shake and flask (Submerged)
5 days, 28 °C, 210 rpm

12.00 Hafez et al. (2007)

Sesame seed oil cake A. pullulans KY767024 Solid-state in flask
25 °C, 2 h, 200 rpm,

54.5 Khodaiyan et al. (2020)
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sometimes used to stick nuts to cookies, as a dental implant 
adhesive, as a binding material and stabilizing agent in food 
pastes.

Pullulan can be used as a tobacco binder, seed coat, and 
plant nutrients (Priyadarshi et al. 2021). Because of its inclu-
sion in the GRAS list and its slow digestion, pullulan can 
be employed effectively in the development of light (diet) 
meals. Distributable films dissolve easily in water, giving 
them the ability to soften as orally potable food toppings. 
Pullulan films are suitable for protecting rapidly oxidised 
lipids and vitamins in food because of their oxygen resist-
ance (Abdeshahian et al. 2021). The involvement of pullu-
lan in various foods along with functional roles and related 
applications have been illustrated in Fig. 4.

Pullulan films can be used to coat or package dried 
items such as noodles, confections, nuts, meats, and 

vegetables. As a protective coating, pullulan can be 
applied directly to food. To stabilise fatty emulsions, pul-
lulan can be replaced by cholesterol or fatty acids (Priya-
darshi et al. 2021). Maltotriose syrup can be made utilis-
ing the debranching enzyme pullulanase and enzymatic 
hydrolysis of a polysaccharide pullulan. The following 
characteristics were used to make maltotriose syrup using 
pullulanase from pullulan: a. extremely low freezing point 
recession; b. gentle sweetness; c. moisture retention; d. 
mitigation of starch retrogradation in foodstuffs; e. less 
palette formation when collated to maltose or glucose syr-
ups, or sucrose; f. good heat stability. These characteristics 
are advantageous in the food industry for utilizing pullulan 
as a substrate as compared to other polysaccharides (Pri-
yadarshi et al. 2021).

Fig. 3   Schematic way to show 
the fermentative production of 
pullulan

Fig. 4   Various functional roles 
and applications of pullulan in 
food industries
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Future prospects

Despite its many useful applications, pullulan’s cost, which 
is 3 times that of other polysaccharides like Xanthan and 
Dextran, is a major barrier to its utilisation. Previous 
research has looked into the melanin derivate in generating 
pullulan, but the cost (25–30 USD/Kg) is a bigger issue. 
Engineering breakthroughs or effective production lines, 
particularly with lower melanin production, could help to 
enhance production economics, hence offering new paths 
for pullulan use. To improve product quality and to research 
pullulan biosynthesis in Metabolic Engineering and Molecu-
lar Editing, a thorough understanding of the mechanism is 
essential. Pullulan’s biology holds the key to solving critical 
downstream and manufacturing issues. Pullulan production 
in connection to molecular characteristics, upstream genetic 
regulators, and downstream processes, encompassing inno-
vative bioreactor design, cultivation settings, and uses, 
has yet to be thoroughly investigated. Pullulan could be a 
potential source of novel bioactive derivatives in a variety 
of sectors with further chemical changes. Modified pullulan 
analogues with various material qualities and pullulan with 
a specific size distribution can be developed using cutting-
edge modification and cultivation technologies. Pullulan 
is becoming more popular in cancer therapy as a result of 
new research. The modified pullulan has strong bioactiv-
ity with several cytotoxic chemicals and is known to form 
complexes with those compounds. The build-up of these 
inclusion complexes at target areas aids the slow release of 
cytotoxic chemicals. Pullulan is used to replace other syn-
thetic materials that produce CO2 in the medical cosmetics 
industry because it has no negative side effects. It’s impor-
tant to see if they can be used in additional personal main-
tenance and aesthetic purposes with the same polymer, not 
only as a groundbreaking active component but more as a 
harmless component for environmentally friendly materi-
als and packaging. Anti-ageing cosmetics appear to have a 
strong demand. Personal hygiene and aesthetic items should 
be packaged in environment friendly containers to minimise 
environmental impact. The biomedical engineering market 
is another rising sector, as pullulan has a high absorption 
capacity. For the biosynthesis of pullulan, safer and more 
novel approaches are being developed. Pullulan has been 
used in drug delivery in a variety of ways, including subcel-
lular attacking, stimulus-responsive drug delivery devices, 
and nanoplatforms. Pullulan derived nanostructures or gels 
have a broad spectrum of supplications in the pharmaceuti-
cal and food sectors for medication delivery and gene trans-
fer. Pullulan is being used in regenerative medicine, visuali-
zation, cancer cell targeting, and other applications. In light 
of these considerations, pullulan has a promising future in 

the healthcare industry for the benefit of humanity. Pullulan 
can have its surface modified to broaden its applicability. 
Future studies could focus on providing surface adhesion 
for cell attachment in bone tissue culture applications via 
osteogenesis.

Despite the fact that pullulan has numerous uses in bio-
technology, its production and control have remained a mys-
tery. Pullulan biosynthesis and its regulation have recently 
been described biochemically, along with their genes and 
encoding proteins. Presently, major research is going on 
regulating such a metabolic process through the important 
enzymes and genes manipulation. Any other transcriptional 
factors or signalling mechanisms that regulate pullulan pro-
duction are likewise yet to be discovered.

Conclusion

Every day, a large pile of waste products is produced in the 
food processing industries and its improper management 
results in serious issues impacting the environment. These 
wastes should be investigated for use in the manufacturing of 
pullulan on a large scale. For the selection of the appropriate 
biotransformation, it’s critical to understand the biochemical 
makeup and microbial growth requirements. The key con-
stituents in food processing wastes are unavailable, and these 
wastes must be pre-treated in order to provide a ferment-
able sugar and nitrogen source. Pullulan production costs 
have been reduced in half owing to the use of food-industrial 
waste. Pullulan’s practical application in food have mostly 
been discovered and accepted, but they have yet to be tested 
on a large scale. The eventual goal will be to define pullulan 
usage at the industrial level and to determine whether or not 
pullulan will be effective in the food industry.
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