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Abstract: 
Chitin can be obtained using chemical degrada-
tion methods using crab and shrimp shell 
wastes. The process of extraction is wasteful 
and provides limited supply due to the seasonal 
availability. In the present study, mushroom 
wastes were subjected to fermentation-assisted 
extraction of value-added products such as chi-
tin. The lactic acid fermentation process was 
optimized using statistical tools such as Plack-
ett-Burman Design and Response Surface me-
thodology and the optimal values of soli to liq-
uid ratio was 60 g/l, inoculum size was 10% v/v 
and temperature was 30 °C. Batch fermentation 
of mushroom wastes was also performed using 
the optimized conditions in shake flasks and 7-L 
stirred tank bioreactor (STR). The experimental 
data obtained from the kinetic study was further 
utilized to determine the values of growth kinet-
ic parameters. It was observed that at the end of 
24 h the final Lactobacillus paracasei dry cell 
weight obtained in the stirred tank bioreactor-
was 0.43 g/l. Crude chitin harvested from the 
bioreactor was 0.15 g/g of mushroom wastes on 
dry cell weight basis and the residual mineral 
content was found to be 3.8 %. The growth ki-
netic data values determined from STR study 
will be utilized for further improvement of 
large-scale production of chitin using mu-
shroom wastes.   

Keywords: Chitin, Lactobacillus paracasei fermen-
tation, Statistical design, Batch cultivation, Kinetic 
studies. 
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Figure 1: Figure illustrating growth kinetic stu-
dies of batch culture of Lactobacillus paracasei 
growing on mushroom wastes in a shake flask 
(Top) and 7-L stirred tank bioreactor (Bottom) 
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Highlights

 Study has been done on fermentation-assisted extraction of value-
added products such as chitin and lactic acid using mushroom wastes as
substrates.

 The study includes evaluation of kinetic parameters of semi-pilot scale
fermentation of mushroom wastes in stirred tank bioreactor using
statistically optimized conditions.

 It featured enhanced yield and quality of production by biological
means as compared to chemical degradation and enzyme-assisted
extraction methods of chitin extraction from mushroom.
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Valorization of food industry wastes

 “Food Waste Valorisation for Sustainable Chemicals, Materials and Fuels (EUBis)”
(http://costeubis.org/) co-ordinated by Prof. James Clark (University of York, UK)
and Prof. Rafael Luque (University of Cordoba, Spain) which consists of over 100
labs from more than 31 nations.labs from more than 31 nations.

 The PI was on a sabbatical from NIT Rourkela to work on a project at Dublin
Institute of Technology in Europe for the application of fermentation-assisted
methods for obtaining value-added products from food industry wastes.

 The deciding factors for utilization of biorefinery based technologies depend
mainly on the cost of production of the product as well as final value of the
product obtained.
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Biological methods of recovery
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Goals of efficient methods of recovery

1. Fast extraction of selected key biomolecules from cells
2. Put a check on product loss due to

degradation, inhibition, interference due to co-metabolites
3. Make the process of extraction less cumbersome by reducing the3. Make the process of extraction less cumbersome by reducing the

number of steps used for recovery
4. Concentration of extracted metabolites if necessary
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Hypothesis
“Fermentation process can be utilized as an effective biological pre-treatment
method for food wastes and the optimized process can improve the yield of
valuable products as compared to conventional chemical and enzymatic pre-
treatment methods”.

We would like to address the following questions:
 Does fermentation improve the yield of chitin from mushroom wastes
 If so, then how can the process be scaled-up to lab-scale bioreactor?
 Does this provide an answer to cost effective waste treatment and

simultaneous production of valuable products and fermented foods?
 Will it lead to a technology for continuous production of value-added

products?
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Value-added products using fermentation
Sl.
No.

Type of study Biomolecules recovered Reference

1.
Selected bacteria Saccharomyces
cerevisiae, Kluyveromyces marxianus were used
for SSF of mixed food industry wastes

Protein enriched animal feed,
single cell protein, e-pinene
and fat.

(Aggelopoulos et al.
2013; Aggelopoulos et
al. 2014)

2. Bacillus subtilis on soyabean meal
Aroma compounds identified
as 2,5-dimethylpyrazine and
tetramethylprazine

(Besson et al. 1997;
Larroche et al. 1999)

tetramethylprazine

3.
Cassava bagasse, wheat bran, sugar cane
bagasse, and coffee husk using Ceratocystis
fimbriata

Fruity aroma, banana aroma
compounds

(Christen et al. 1997;
Medeiros et al. 2003)

4.
Tomato pomace was used for SSF by the two
strains Pleurotus ostreatus and Trametes versicolor
using sorghum stalks as support

Laccase, xylanase and
protease with high activity

(Iandolo et al. 2011b)

5.
Apple processing residues were used for SSF
using Pleurotus ostreatus, Trametes versicolor

Laccase, xylanase and
cellulase enzymes were
detected

(Iandolo et al. 2011a)

6.

Oak-sawdust with corn bran and corn bran
supplemented with spent coffee residues were
used for SSF using the white rot fungi Grifola
frondosa

Glucanase, laccase and
peroxidases

(Montoya et al. 2012)
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Fermentation of FW using lactic acid fermentation
Sl.
No

Type of fermentation
Scale and bioreactor 
configuration

Products obtained Reference

1.
Ensilaging of fish wastes using lactic 
acid baceria Pediococcus acidilactici K7 
and Enterococcus faecium HAB01

Working volume of 
100 ml in a 
Erlenmeyer flask  

85 % of the oil recovered 
with no change in fatty acid 
composition.

(Rai et al. 2010)

2.
Statistical optimization of fermentation of 
moist oats using Lactobacillus 

Working volume was 
50 ml in a 

Novel fermented drink using 
oats, sugar and inoculum

(Gupta et al. 2010)
plantarum Erlenmeyer flask

oats, sugar and inoculum

3.
Efficient chitin recovery on large scale 
using Lactobacillus species isolated 
from Shellfish waste

30 kg pilot scale 
column reactors

Chitin recovery was 23 %
(Cira et al. 2002; 
Pacheco et al. 
2009)

4.
Large-scale chitin recovery from shrimp 
shell waste using lactic acid bacteria  
and mixed proteolytic bacteria

Pilot-scale 300-L 
anaerobic stirred 
tank bioreactors

Chitin recovery was 12.5 % 
of dry matter

(Bajaj et al. 2015)

5. Lactic acid fermentation of shrimp waste
1-L beaker covered 
with polythene sheet

Carotenoid yield was 
stabilized to 41 % in 75 days 
after fermentation as 
compared to non-fermented 
silage.

(Sachindra et al. 
2007)
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Fermentation of FW using Lactic acid fermentation
6.

Acidogenic fermentation of fruit 
and vegetable wastes

2-L Continuous stirred tank 
reactor for 50 days

10-20 g/l lactic acid (Wu et al. 2015)

7.

Anaerobic fermentation of 
potato peel wastes using 
undefined inoculum from 
municipal wastewater

1-L Sequencing batch reactor 
with magnetic stirrer and 3 L 
HDPE reactor equipped with 
mechanical stirring and 
temperature control

Lactic acid produced was 
138 mg/(g.d)-1

(Liang et al. 2015)

temperature control

8.
Lactobacillus buchneri was used 
for fermentation of ensiling 
whole crop rice

Lab scale inoculation of ensiled 
whole crop rice at the level of 
104, 105 and 106 cfu per g of 
ensiled rice in pouches of 300 g 
each.

Lactic acid and acetic 
acid were enhanced and 
ethanol and 2,3-
Butanediol produced was 
reduced as a result of L. 
buchneri fermentation

(Nishino et al. 
2007)

9.

Unpolished rice, wheat bran, 
yeast extract were used for 
lactic acid fermentation using 
Lactobacillus delbrueckii

5-L stirred tank bioreactor
Cheap production of d-
Lactic acid

(Lu et al. 2009)
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Work Plan
Project 

activities
Work

Objective
1

Sample collection, Standardization of fermentation technique specific for each species of 
Lactobacillus by optimization of fermentation time, exogenous sugars, type of waste (stack or 
thallus of mushroom, dried, hydrolyzed or fresh wastes) for maximum product yield.
Chitin and carotenoids will be estimated in fermentation residues using HPLC. Lactic acid and
residual sugars will be estimated using HPLC based method.
For lactic acid fermentation pH, lactic acid, residual sugar, cfu will be analyzed in the broth and
ash analysis for mineral content, protein content analysis, FTIR and product analysis will be
performed with the solid residue after decolorization using KMnO4 and removal of bacterial
cells using filtration

Objective
2

A Stirred tank bioreactor will be utilized for mass production of value-added products and scale-
up studies such as suitable oxygen transfer rate, S/L ratio, optimized media and cultivation
conditions
Kinetic studies for product formation and limiting substrate uptake by growing micro-organisms,
model based fed-batch and continuous fermentation and extraction during production.
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Methodology
Standardization of fermentation technique specific for each species of Lactobacillus by
optimization of fermentation time, exogenous sugars, type of waste for maximum product
yield.

Therefore the most suitable strain and fermentation technique for each bioconversion of
different classes of wastes will be established by screening different strains of bacteria.different classes of wastes will be established by screening different strains of bacteria.

Chitin and carotenoids will be estimated in fermentation residues using alkaline hydrolysis
followed by dry weight measurement (Shahidi and Synowiecki 1991).

A Stirred tank bioreactor will be utilized for mass production of value-added products and
scale-up studies such as suitable oxygen transfer rate, S/L ratio, optimized media and
cultivation conditions, kinetic studies for product formation and limiting substrate uptake by
growing micro-organisms.
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Optimization of fermentation of mushroom wastes
S.No. Strain of bacteria Type of

mushroom
waste

Exogenous
glucose
(g/l)

Lactic acid
obtained
(g/l)

Residual
fructose
(g/l)

Residual
glucose
(g/l)

Final
cfu/ml
(X 1010)

Final pH

1. Lactobacillus
paracasei

Pileus 10 1.29 0.37 8.54 - 2.8
0 0.63 0 0 0.8 3.6

Stipe 0 0.60 0 0 - 3.6Stipe 0 0.60 0 0 - 3.6
1. Lactobacillus

plantarum
Pileus 10 1.80 0.47 8.05 - 2.8

0 0.02 0 0 0.016 4.4
Stipe 0 0.02 0 0 - 4.4

1. Lactobacillus
rhamnosus

Pileus 10 1.38 0.38 7.66 61 X 10-5 2.9
0 0.36 0 0 3 X 10-5 3.9

Stipe 10 0.95 0.21 8.12 450 X 10-5 2.9
0 0.51 0 0 - 4.0

1. Lactobacillus
acidophilus

Pileus 10 0.42 0.41 8.61 - 3.8
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Plackett-Burman studies
Factor Factor Factor Response Response Response Response

Run A:inoculum B:S/L 
ratio

C:T Cfu/ml LA Bacterial 
DCW

Residual 
fructose

% g/l °C 1010 g/l g/l g/l% g/l °C 10
cells/ml

g/l g/l g/l

1 10 100 20 5.78 0.45 0.58 0
2 10 20 40 2.80 0.33 0.35 0
3 2 20 20 0.05 0.13 0.14 0
4 2 100 40 2.74 0.27 0.34 0
5 2 20 40 0.07 0.13 0.14 0
6 10 20 20 3.14 0.36 0.38 0
7 2 100 20 1.70 0.26 0.27 0
8 10 100 40 5.73 0.44 0.57 0
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Regression coefficients (t-values) of PB studies

Factor t value (cfu) t value (LA)

Inoculum 3.09 4.07

S/L ratio 1.85 1.43

Temperature 0.1 0.094
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Response surface methodology
Run Factor Factor Factor Response Response Response Response

A:inoculum B:S/L ratio C:T Cfu/ml LA Bacterial
DCW

Residual
fructose

% g/l degree C 1010 cells/ml g/l g/l g/l
1 6 (0) 60 (0) 46.82 (+2) 0.031 0.016 0.14 0.1121 6 (0) 60 (0) 46.82 (+2) 0.031 0.016 0.14 0.112
2 6 (0) 60 (0) 30 (0) 2.802 0.271 0.35 0
3 6 (0) 60 (0) 13.18 (-2) 1.651 0.016 0.26 0.112
4 6 (0) 127.27 (+2) 30 (0) 7.311 0.381 0.69 0
5 10 (+1) 100 (+1) 20 (-1) 5.904 0.412 0.59 0
6 10 (+1) 20 (-1) 40 (+1) 2.674 0.277 0.34 0
7 2 (-1) 100 (+1) 40 (+1) 3.047 0.266 0.37 0
8 6 (0) 60 (0) 30 (0) 2.962 0.272 0.36 0
9 6 (0) 60 (0) 30 (0) 2.962 0.271 0.36 0
10 6 (0) 60 (0) 30 (0) 2.962 0.272 0.36 0
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CCD-RSM
Run Factor Factor Factor Response Response Response Response

A:inoculum B:S/L
ratio

C:T Cfu/ml LA Bacterial DCW Residual fructose

% g/l degree C 1010 cells/ml g/l g/l g/l
11 2 (-1) 100 (+1) 20 (-1) 2.301 0.250 0.31 0.01111 2 (-1) 100 (+1) 20 (-1) 2.301 0.250 0.31 0.011
12 10 (+1) 20 (-1) 20 (-1) 1.853 0.286 0.28 0
13 2 (-1) 20 (-1) 20 (-1) 0.031 0.119 0.14 0
14 0 (-2) 60 (0) 30 (0) 0.031 0.016 0.14 0.112
15 12.73 (+2) 60 (0) 30 (0) 5.467 0.386 0.55 0
16 2 (-1) 20 40 (+1) 0.244 0.124 0.15 0
17 10 (+1) 100 (+1) 40 (+1) 4.817 0.420 0.50 0
18 6 (0) 60 (0) 30 (0) 2.802 0.016 0.35 0
19 6 (0) 0 (-2) 30 (0) 0.905 0.162 0.20 0
20 6 (0) 60 (0) 30 (0) 2.962 0.271 0.36 0
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Quadratic models using CCD-RSM results

Accuracy of the model was found by the R2 coefficient values of 0.9577 and 0.7191 for the
cfu/ml and lactic acid, respectively. A low coefficient of variation of 21.20 and 43.48 for
cfu/ml and lactic acid indicated high precision of the model. The model F-value was 25.16
and 2.84 for cfu/ml and lactic acid, respectively.
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Optimal conditions for the lactic acid fermentation

1. Inoculum: 10 % v/v (107 cfu per ml in inoculum culture)

2. S/L ratio: 60 g/l of powdered mushroom wastes

3. Temperature: 30 C3. Temperature: 30 °C

4. Fermentation time: 24 hours

5. Strain of Lactobacillus: L. paracasei

6. Exogenous sugars: Nil

7. Type of mushroom waste: Pileus /stipe
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Kinetic studies in shake flask and bioreactor
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Trend of pH and dissolved O2 concentration in reactor
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Conclusion
1. The method of fermentation of mushroom wastes was thoroughly optimized using One

Variable at A Time approach (OVAT).

2. Further optimization of the fermentation process variables such as S/L ratio, inoculum
size and temperature were optimized using statistical tools such as Plackett-Burman
design and Response surface methodology.design and Response surface methodology.

3. Kinetics of the fermentation process were studied in shake flasks and semi-pilot scale
stirred tank bioreactor. The kinetic data for fructose utilization, lactic acid production
and microbial cell biomass will be further utilized to generate a mathematical model
which can serve as a tool for the optimization of the process at bioreactor level in order
to yield better and speedier fermentation results.

4. The chitin yield from fermentation assisted extraction was better in yield (3.4 times
higher) as well quality (less than 1.1 % mineral content) as compared to chemical and
enzymatic treatment.
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