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Abstract Enzymatic deproteinization of lobster shells is an
important step in developing a novel biorefinery process for
the recovery of both protein and chitin. This study aimed to
develop an efficient enzymatic deproteinization of lobster
shells for protein recovery while providing the residual frac-
tion suitable for further chitin recovery. In comparison with
conventional incubation, the microwave-intensified enzymat-
ic deproteinization (MIED) of Australian rock lobster shells
significantly improved the deproteinization degree from 58 to
85.8 % and reduced the residual protein content from 96.4 to
65.4 mg/g, respectively. The protein hydrolysate produced by
MIED had excellent functionality (solubility 91.7 %, water
absorption 32 %, oil absorption 2.3 mL/g, foaming 51.3 %,
emulsification 91.3 %) and high nutritional quality (34 % es-
sential amino acids, 45.4 mg/g arginine, lysine/arginine ratio
0.69) with potential applications for food industry. With the
considerably low residual protein, the MIEDs are suitable for
further chitin recovery.

Keywords Australian rock lobster . Jasus edwardsii . Lobster
shells . Lobster protein hydrolysate . Microwave-intensified
process . Enzymatic protein hydrolysate

Introduction

Protein and chitin are the two potentially valuable components
of Australian lobster processing by-products. Protein and chi-
tin have been reported to make up about 29 and 23 % on dry
weight basis of typical lobster processing by-products, respec-
tively (Tu et al. 1991). The potential economic value and
relatively high volume of these by-products offer significant
value-added opportunity for the Australian lobster processing
industry if chitin and protein in the lobster processing by-
products can be economically recovered. However, the recov-
ery and utilization of these two components from Australian
lobster processing by-products for food application have not
yet been realized. Lobster by-products are currently used for
the production of aqua-feed and biofertilizer with low com-
mercial value, or directly discarded with a disposal cost to the
industry around $150 per ton. Therefore, the utilization of
Australian lobster processing by-products for the recovery of
protein and chitin for food applications will reduce operational
costs and improve the sustainability of the Australian lobster
industry.

Chitin and its derivatives such as chitosan and chito-
oligosaccharides (COS) have high economic value because
of their desirable physical properties and versatile biological
activities withmany applications including biomedicine, phar-
maceuticals, food, and agriculture (Hayes 2012). Although
chitin can be found in various species, crustacean shells are
the sole major resource used for the production of industrial
chitin (Xu et al. 2008). Shells generated from the lobster pro-
cessing industry have the potential to offer an inexpensive
commercial chitin source because of high chitin content and
relatively large quantities generated. The potential value of
lobster by-products has already been demonstrated by the
use of chitin and its derivatives extracted from lobster shells
for biocide and biostimulant applications (Sharp 2013).
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Lobster shells have also been identified as an important
animal protein source that contains 29 % protein with
carotenoprotein making up as much as 16 % of dry lobster
shell (Tu 1991). Carotenoprotein is a complex of protein and
carotenoid pigments, mainly astaxanthin (Cremades et al.
2001) that possesses high antioxidant activity and may assist
in several health benefits (Higuera-Ciapara et al. 2006).
Moreover, peptidic fractions generated from the enzymatic
hydrolysis of carotenoprotein have been reported to possess
good functionalities and high antioxidant activity (Sila et al.
2014). In spite of these developments, it has still lacked a
simple but efficient process which could fully recover protein
and chitin for value-added products.

To fill this gap, a biorefinery process has been proposed to
recover the protein as the first product by enzymatic
deproteinization before extracting chitin as the second prod-
uct. Previously, the protein generated from chemical
deproteinization of lobster shells was not usually recovered
due to its incompatibility for food application. The use of
proteolytic enzymes for deproteinization of lobster shells
could allow the recovery of functionally and nutritionally
valuable protein hydrolysates suitable for food application
(Gagné and Simpson 1993). Protein hydrolysates derived
from crustacean shells have been reported to contain bioactive
peptides used as pharmacological tools or as growth-
stimulating agents in animal feed (Cudennec et al. 2008).
Furthermore, a growing body of scientific evidence suggests
that crustacean protein hydrolysates and peptides possess sev-
eral biological functions promoting human health and prevent
some chronic diseases (Lordan et al. 2011). Although a variety
of enzymatic processes have been developed for the
deproteinization of crustacean shells, the industrial use is still
limited because of the inefficient removal of proteins and long
processing times (Juan et al. 2014). Improving the enzymatic
deproteinization of crustacean shells such as lobster shells by
enhancing protein removal and reducing reaction time could
make this process more industrially feasible.

Recently, microwave-assisted extraction (MAE) has been
reported as an efficient technique for the extraction of bioac-
tive compounds with high yield, low usage of solvents, and
reduced extraction time (Xiao et al. 2008). Microwave has
also been used for the pretreatment of biological materials to
improve the enzymatic reaction rate (Roy et al. 2003). The
pretreatment of materials with microwave has been reported
to generate final products with high bioactivities and good
functionalities (Lin et al. 2010). Microwave has also been
used as an effective method to intensify enzymatic reactions
such as the enzymatic hydrolysis of starch and protein
(Horikoshi et al. 2015; Lukasiewicz et al. 2009). However,
there have been no reports on the microwave-intensified en-
zymatic deproteinization (MIED) of lobster shells during chi-
tin extraction and recovery of lobster shell protein hydrolysate
(LSPH) for food applications. The aim of this work is,

therefore, to develop an efficient microwave-intensified enzy-
matic process for the deproteinization of lobster shells to re-
cover protein while providing the suitable residue materials
for subsequent chitin recovery by comparing with the conven-
tional enzymatic process. The LSPHs generated from this new
process were further evaluated for their physicochemical func-
tions relevant to food applications.

Materials and Methods

Materials

The shells of Australian rock lobster (Jasus edwardsii) were
supplied by Ferguson Australia Pty Ltd as cooked and ground
lobster shells (CGLS) with 49.9 % of particle size passing
through a 250-μm laboratory sieve.

Alcalase 2.4 L FG, food grade proteolytic enzyme, was
supplied by Novozymes Australia Pty Ltd. All the other
chemicals used are of analytical grade.

Chemical Composition of Australian Rock Lobster Shells

Moisture was determined by oven drying of Australian lobster
shells at 105 °C (AOAC 950.46) until a constant weight was
obtained, while ash was quantified by incineration in a muffle
furnace at 600 °C (AOAC 920.153). Lipid content was mea-
sured using supercritical CO2 extraction reported by Dionisi
et al. (1999). Protein content was determined using themethod
of Synowiecki and Al-Khateeb (2000). Chitin was determined
using the method described by Simpson and Haard (1985).

Enzymatic Deproteinization of Lobster Shells
by Microwave-Intensified Process

The CGLS (5 g) were mixed with MilliQ water (4 mL/g) in a
250-mL round bottom flask. The pHwas adjusted to 8.0 using
lactic acid (40 %) and preheated at 55 °C (input energy 70 W,
stirring 95 %) for 5 min by a microwave extraction system
(Milestone Microwave Laboratory Systems, Model START
SYNTH, serial number 131154) to satisfy the optimal pH
and temperature for the enzyme alcalase. This microwave sys-
tem was installed with two built-in sensors including an ATC-
FO temperature sensor and infrared sensor to control the tem-
perature with accuracy 99±0.5 %. The alcalase was added
with the enzyme/shell ratio 1 % (v/w). The CGLS was then
enzymatically deproteinized by setting up firstly 55 °C (input
energy 40 W, stirring 95 %) for a desired time (30, 60, and
90 min) and then at 95 °C (input energy 200W, stirring 95 %)
for 5 min to inactive alcalase. After vacuum filtration with
sintered metal filter, the residual solid was washed with
MilliQ water (10 mL) and then oven-dried to constant weight
(referred to as enzymatically deproteinized shells (EDPS)).
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The dried EDPS was weighed to calculate the weight loss and
determine residual protein content while the protein concen-
tration of the filtrate (referred as LSPH) was determined to
calculate the degree of deproteinization using the following
formula.

DD %ð Þ ¼ Protein in LSPH

Total protein in lobster shells
� 100

Enzymatic Deproteinization of Lobster Shells
by Conventional Incubation

The CGLS (5 g) were mixed with MilliQ water (4 mL/g)
in a 250-mL conical flask followed by adjusting pH to 8.0
using lactic acid (40 %). The mixture was preheated in a
water bath at 55 °C for 15 min. The enzymatic
deproteinization of CGLS was then carried out at 55 °C
for the desired time (30, 60, and 90 min) by placing the
flask in the water bath (Ratek, Model ET22, serial number
908023262). The reaction mixture was manually shaken
for 10 s every 30 min during this process. After
deproteinization, the flask was boiled for 5 min to inacti-
vate alcalase. Subsequent steps were carried out as per the
microwave-intensified enzymatic deproteinization process
described above to obtain the LSPH.

Physicochemical Properties of LSPH

Protein Solubility

The solubility of LSPH was determined by dispersing
50 mg of sample in 5 mL MilliQ water with the solution
pH adjusted to 2, 4, 6, 8, and 10 using HCl 1 M or NaOH
1 M. The solution was magnetically stirred for 30 min at
room temperature (20±3 °C) followed by centrifugation
at 990×g for 10 min (Beckman Coulter, Allegra X-12R,
SN: ALX08813). The protein contents in the supernatants
were measured by the method of Lowry et al. (1951)
while the total protein of LSPH was determined by
Kjeldahl method (AOAC 2000).

Solubility %ð Þ ¼ Protein content in supernatant

Total protein content in sample
� 100

Water Absorption Capacity

The ability of LSPH to impact the water absorption capacity
of meat products was determined by the method described by
Geirsdottir et al. (2011) with some modifications. LSPH
(0.1 g) was added to 4.9 g beef mince to produce the beef
mince with LSPH while the blank sample was prepared solely
using beef mince (5 g). Both the beef mince with and without

LSPH were placed in 50-mL centrifuge tubes and mixed with
1 g MilliQ water (WA) by vortex for 1 min. After the mixture
was left standing on ice for 30 min, free water was separated
by centrifugation at 3000×g for 10 min (Beckman Coulter,
Allegra X-12R, SN: ALX08813). The weight of the tubes
before (WTB) and after separation of free water (WTA) were
recorded to calculate the water absorption capacity of the beef
mince.

Water absorption capacity %ð Þ ¼ WTB�WTA

WA
� 100

Oil Absorption Capacity

The oil absorption capacity of LSPH was measured using
the procedures described by Beuchat (1977) with slight
modifications. One gram of sample (Ws) was mixed with
10 mL canola oil (OA) in a 50-mL centrifuge tube by vortex
for 30 s. The sample was then allowed to stand at room
temperature (20±3 °C) for 30 min before it was centrifuged
at 5000×g for another 30 min (Beckman Coulter, Allegra
X-12R, SN: ALX08813). Free oil (OF) was separated by
decantation at a 45° angle and the volume of free oil was
measured in a 10-mL graduated cylinder.

Oil absorption capacity mL=gð Þ ¼ OA�OF

WS
� 100

Emulsifying Capacity and Stability

Emulsifying capacity and stability were measured using the
method described by Lawal (2005) with a slight modification.
Five milliliters of LSPH solutions (dissolved in MilliQ water)
at 10 mg/mL and 5 mL of canola oil were homogenized at 13,
500 rpm for 60 s using a homogenizer (Ika, Ultra-Turrax T25).
The emulsions were centrifuged at 1100×g for 5 min
(Beckman Coulter, Allegra X-12R, SN: ALX08813). The
height of the emulsified layer and that of the total contents
in the tube was recorded. The emulsifying capacity (EC)
was calculated as follows.

EC %ð Þ ¼ Height of emulsif ied layer in the tube

Height of the total content in the tube
� 100

Emulsifying stability (ES) was measured by heating the
emulsions in a water bath at 80 °C for 30min before centrifug-
ing at 1100×g for 5 min.

ES %ð Þ ¼ Height of emulsified layer in the tube

Height of the total content in the tube
� 100
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Foaming Capacity

The foaming capacity was determined using the method of
Coffman and Garcia (1977) with slight modifications. Ten
milliliters of LSPH solution (dissolved in MilliQ water) at
10 mg/mL were foamed by a homogenizer (Ika, Ultra-
Turrax T25) at 8000 rpm for 60 s. The volumes of the solu-
tions before (V1) and after homogenization (V2) were record-
ed. The percentage volume increase referred to as index of
foam capacity was calculated based on the following equation.

Index of foam capacity %ð Þ ¼ V 2‐V 1

V 1
� 100

The foaming samples were left to stand at room condition
for 60min, and the volume of samples after standing (V’2) was
determined. The foaming stability was determined by the fol-
lowing equation.

Index of foam stability %ð Þ ¼ V 0
2−V 1

V 1
� 100

Amino Acid Analysis

The amino acid composition of LSPH was analyzed at the
Australian Proteome Analysis Facility (APAF), Macquarie
University, Sydney.

Statistical Analysis

Except for amino acid profile, all other experiments were car-
ried out in three replicates. The obtained data was subjected to
an analysis of variance using a Statistical Analysis System
(SAS) 9.1 (SAS and Guide 2003). Duncan’s multiple range
test was performed to determine the significant (p<0.05) dif-
ference among means. The Levene test was also used to verify
whether the data satisfy the ANOVA condition, and the
Kruskall-Wallis test has been applied for the data not satisfy-
ing the ANOVA condition.

Results and Discussion

Australian Rock Lobster Shells Rich in Protein and Chitin

Australian rock lobster (J. edwardsii) contains a large
proportion of minerals (36 %) while its lipid content is
very low (0.6 %). The two significant components of
Australian rock lobster shells with high potential econom-
ic value are protein and chitin with respective contents of
29 and 25 %. These contents are close to 29 % protein
and 23 % chitin, reported in the American cooked lobster
waste (Hamarus Americanus) (Tu et al. 1991).

MIED of Lobster Shells

Weight Loss

The weight losses of shells during enzymatic deproteinization
by the microwave and conventional incubation are shown in
Fig. 1. In both cases, lobster shells were clearly susceptible to
weight loss due to enzymatic reaction. Proteins constituted in
the lobster shells could be hydrolyzed during the process and
quickly released into the solution leading to the weight loss
(Valdez-Pena et al. 2010). As shown in Figure 1, the weight
loss increased with the treatment time from 30 to 90 min for
both processes, but the weight loss of the 60-min treatment
was not significant compared with those of the 30- and 90-min
treatment. The highest value of weight loss was found at
90 min of deproteinization with values of 30.3 % for the
microwave-intensified process and 24.6% for the convention-
al incubation. The weight losses of the lobster shells in the
microwave-intensified process were considerably (p<0.05)
higher than those in the conventional incubation at all the
investigated times (26.1, 28.2, and 30.3 % for the
microwave-intensified process vs 22.5, 23.7, and 24.6 % for
the conventional incubation, respectively). The significant dif-
ferences in the weight loss by the two deproteinization
methods could closely relate to the enhanced protein removal
ability as a result of proteolytic hydrolysis of shells intensified
by microwave (Horikoshi et al. 2015).

Deproteinization Degree

The percentage of protein removed from the lobster shells by
proteolysis during enzymatic deproteinization was defined as
the deproteinization degree. As shown in Fig. 2, there are
significant differences in the deproteinization degree between
the samples treated for 30 and 90 min but insignificant for the
60-min treatment with others. The highest deproteinization
degrees in both processes were obtained at treatment of
90 min (85.8 % for the microwave-intensified process and
58 % for the conventional incubation). The deproteinization
degrees of the microwave-intensified process were signifi-
cantly (p<0.05) higher than those of the conventional incuba-
tion at all the treatment times. In fact, these deproteinization
degrees increased by 18–27.8 % in the microwave-intensified
process compared with those in the conventional incubation.
A considerable increase (27.8 %) was found at 90 min of
deproteinization. The higher deproteinization degree indi-
cates that more proteins were released under the micro-
wave heating. This result is in accordance with the previ-
ous studies of Horikoshi et al. (2015) and De La Hoz
et al. (2005) where enzymatic reaction rates were reported
to increase several times under microwave field relative to
conventional heating.
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The higher values of both the weight loss and the
deproteinization degree indicate that the enzymatic
deproteinization of the lobster shells by the microwave-
intensified process is far more effective compared with the
conventional incubation. However, to further confirm this re-
sult as well as to demonstrate the ease for further chitin recov-
ery from the EDPS, the residual proteins in these materials
were also investigated.

Residual Proteins in the EDPS

Figure 3 shows the residual proteins in the EDPS generated
from the microwave intensification and conventional incuba-
tion. The residual proteins in the EDPS reduced significantly
with the increase in deproteinization time, and these values
together with the removed proteins could make a protein mass
balance in the range of 92–107 %. At all the investigated
times, the microwave-intensified process had the residual

protein values significantly (p<0.05) lower than those of
the conventional incubation by 17–32.2 %. The lowest
residual proteins (65.4 mg/g) occurred at 90 min of
deproteinization by the microwave-intensified process.
With the low residual proteins, the EDPS could be direct-
ly demineralized to obtain chitin or further mild
deproteinization followed by demineralization to recover
purified chitin.

Functional Property of LSPH

Solubility of LSPH

Solubility values for the LSPH and reference protein (egg
white protein (EWP) prepared in house by spray-drying of
chicken egg purchased from a local supermarket after remov-
ing the yolk) in a wide range of pH 2–10were investigated. As
shown in Table 1, LSPH has very high solubility (91.7 %).
This result is similar to that of Vieira et al. (1995) where
protein hydrolysate derived from lobster by-products was re-
ported to have good solubility. In contrast to EWP, LSPH
solubility was not significantly affected by pH change. Its
solubility was over 85.5 % in a wide range of pH (2–10) while
this value for EWP was only 77.7 % in the same pH range.
The solubility of LSPH was higher than that of EWP with an
exception at pH 2 and 10 (beyond effective food applications).
The high solubility of LSPH over a wide range of pH could be
explained by smaller peptides (molecular weight less than
10 KDa) produced by the enzymatic hydrolysis of lobster
shell protein, increasing polar and ionizable groups of protein
hydrolysates for better interaction with water (Mutilangi et al.
1996). The excellent solubility of the LSPH indicates good
potential for food applications since solubility does not only
influence emulsification and foaming capacities but also has
significant effects on sensory properties (Wilding et al. 1984).
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Water Absorption Capacity of Beef Mince With LSPH
Addition

Water absorption capacity, the ability of LSPH to imbibe wa-
ter and retain it against gravitational force within a beef mince
matrix, is presented in Fig. 4. With the addition of 2 % LSPH
to the beef mince, its water absorption capacity rose signifi-
cantly by up to 90 %, increased by 32 %. It was 2.5 times
higher than that of adding with EWP. This result is consistent
with the results of the study of Kristinsson (1998) when salm-
on fish protein hydrolysate and egg albumin were used in
salmon mince patties. The significant improvement in the wa-
ter absorption of the beef mince with the addition of LSPH
could be explained by the presence of polar groups such as –
COOH and/or –NH2; these functional groups were likely to
have a substantial effect on water absorption capacity
(Kristinsson and Rasco 2000a). The water absorption capacity
of proteins added to muscle tissue is of great importance to the
food industry because retaining water in a food system often
improves its texture, reduces its overall energy content per
unit mass, and reduces the overall cost of the product. The
functional properties of proteins in a food system depend on
the water-protein interaction, and the final outcome greatly

depends on how well the protein binds and holds water in a
food system (Kristinsson and Rasco 2000b).With its excellent
water absorption within a protein matrix, the LSPH has po-
tential for use as a water-binding agent in meat products to
improve cooking yield, drip losses, and/or as cryo-protective
agents.

Oil Absorption Capacity of LSPH

The quantity of oil directly bound to protein is expressed as oil
absorption property. As illustrated in Fig. 5, LSPH had oil
absorption capacity lower than that of EWP (2.31 mL/g com-
pared with 3.66 mL/g), but it was comparable to that of egg
albumin (2.36 mL/g) tested with soybean oil by Kristinsson
and Rasco (2000a). The oil absorption capacity of LSPH
could be influenced by the bulk density of the protein and
peptide sizes (Kinsella and Melachouris 1976). The capacity
of LSPH to absorb oil is an important functional property
which is useful in some applications required for the meat
and confectionary industries Kristinsson and Rasco (2000b).

Table 1 Functional properties of LSPH recovered from the enzymatic deproteinization of lobster shells by microwave-intensified process (alcalase to
shells ratio 1 % (v/w), irradiated at 55 °C (input energy 40 W), stirring 95 % for 90 min) in a range of pH from 2 to 10

Functional properties (%) Lobster shell protein hydrolysate* Egg white protein

pH 2 pH 4 pH 6 pH 8 pH 10 pH 2 pH 4 pH 6 pH 8 pH 10

Solubility 88.6±6.4a 86.4±0.4a 85.5±3.5a 89.5±3.1a 91.7±4.1a 92.3±4.4a 77.7±9b 81.3±8.8b 81.3±7b 95.5±5.9a

Emulsification capacity 49±3.4a 50.2±1.8a 48±1.1a 51.3±3.9a 46.5±3.5a 48.7±1.8b 51.1±0.9ab 21.4±3.2c 22.5±2.2c 56.3±5.1a

Emulsification stability 0d 28.5±3.9b 0d 18±2.3c 45.7±3.3a 42.2±4.4b 46.1±2.5b 20±3.6c 20.33±3c 55.8±4.7a

Foaming capacity 14.7±5.0d 91.3±8.1a 54±5.3b 33.3±5.8c 53.3±5.8b 45.6±2.6c 57.3±4.6b 24.2±6.2d 20±0d 80±0a

Foaming stability 13.3±5.8d 85.3±9.2a 46.7±5.8b 33.3±5.8c 50±0b 1.3±1.2d 33.3±5.8b 20±0c 14±2.0c 73.3±5.8a

Means with the same superscript letters are insignificant

*Results are the means of three replicates (mean±STD)
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Emulsification Capacity and Stability of LSPH

In contrast to EWP, the emulsification capacity of LSPH was
not affected by pH change, slightly fluctuating around 50% in
a range of pH 2–10 (Table 1). The excellent solubility of
LSPH over a wide range of pH would be expected to give
the positive results for its emulsification capacity (Klompong
et al. 2007). With high solubility, LSPH can quickly diffuse
and adsorb at the interface to have positive effects on the
emulsification capacity. EWP had very low emulsification ca-
pacity at pH 6.0 and 8.0, which coincided with its low solu-
bility at these pH values. Although LSPH had greater initial
emulsification capacity than EWP, its emulsification stability
was lower than that of EWP; the lower stability is likely to
relate to the lower molecular weight of LSPH (less than
10 KDa) as smaller peptides are less effective in stabilizing
the emulsions (Klompong et al. 2007).

Foaming Capacity and Stability of LSPH

Similar to EWP, the foaming property of LSPH was signifi-
cantly influenced by pH change. LSPH had a higher foaming
capacity than that of EWP with an exception at pH extremes
(pH 2 and 10) (Table 1). The highest foaming capacity of LSPH
was found at pH 4 (91.3 %) while the LSPH solubility was low
at this pH value. Thus, it seems that the effect of composition
and net charge of peptides on the foaming properties outweigh
that of its solubility. Foam generated from LSPH was more
stable than that from EWP (foaming reduction of LSPH around
6% compared with 24% of EWP at pH 4). Foaming is respon-
sible for the desired texture of many food products; thus, LSPH
with its ability to form and stabilize foam could find applica-
tions in fish-based soufflés and pâté for example.

Amino Acid Composition of LSPH

The nutritional value of food depends on the type and amount
of amino acids available for body functions (El-Beltagy and
El-Sayed 2012). Although biological parameter such as the
protein efficiency ratio or net protein utilization are common
for assessing protein quality, the protein quality assessment
can also be carried out by an analysis of its essential amino
acid content or chemical score (Ovissipour et al. 2010).
Chemical score provides a nutritive value estimate of a protein
by comparing the levels of essential amino acids between the
test protein and reference protein. In this study, the
determination of chemical score and comparison of essential
amino acid content of the LSPH was based on the reference
protein recommended by FAO/WHO (1990) for adult humans
(FAO/WHO 1990). LSPH produced by microwave-
intensified process contains 74 % of protein including 34 %
of essential amino acids over total amino acid content
(Table 2). The amount of essential amino acids in LSPH was

twice the values of those suggested by FAO/WHO with the
exception of methionine. Therefore, the essential amino acid
composition of LSPH meets or exceeds the essential amino
acid recommendation for adult humans. Moreover, LSPH
contains very high amount of arginine (45.4 mg/g) that is
important for its participation in protein synthesis and other
physiological functions such as detoxification and energy con-
version (Cao et al. 2008) and plays an important role in car-
diovascular disease treatment (Niittynen et al. 1999). Lysine/
arginine ratio has also used as an indicator for evaluation of
protein nutritional value (Oomah andMazza 2000). LSPH has
a very low lysine/arginine ratio (0.69) compared with meat
protein (13.78) (Sidransky 1990). The low lysine/arginine ra-
tio of LSPH suggests that it could be used in meat products to
reduce lipidemic and atherogenic effects induced bymeat pro-
tein on human health. With all these nutritional attributes,
LSPH could be potentially used as a supplement to poorly
balanced dietary proteins or meat proteins.

Conclusion

Australian rock lobster shells are rich in protein and chitin that
could be economically recovered in a novel biorefinery

Table 2 Amino acid composition of LSPH recovered from the
enzymatic deproteinization of Australian rock lobster shells by
microwave-intensified process (alcalase to shells ratio 1 % (v/w),
irradiated at 55 °C (input energy 40 W), stirring 95 % for 90 min)

Amino acids Amount
(mg/kg)

Chemical
score

Suggested by
FAO/WHO
1990

Alanine 33.2

Arginine 45.4

Aspartic acid 55.4

Glutamic acid 81.0

Glycine 31.9

Histidine 18.1 –

Isoleucinea 25.3 1.95 13

Leucinea 38.3 2.02 19

Lysinea 31.1 1.94 16

Methioninea 13.0 0.76 17

Phenylalanine 28.3

Proline 34.2

Serine 28.1

Threoninea 29.2 3.24 9

Tyrosine 25.3

Valinea 33.4 2.57 13

Total amino acids 551.2

TEAA suggested by FAO/WHO 87

Total essential amino acids (TEAA) 188.4

a Essential amino acids
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process. The enzymatic deproteinization of lobster shells in-
tensified by microwave was shown highly efficient than that
wi th convent ional incubat ion, achieving higher
deproteinization degree and low residual protein content.
The lobster shell protein hydrolysate produced by
microwave-intensified process has excellent functionalities
in terms of its solubility, water absorption, oil absorption,
emulsification, foaming, and nutritional values for food appli-
cations. Compared with undeproteinized shells and the con-
ventionally deproteinized shells, the microwave-
deproteinized shells have significantly lower residual proteins,
which could be easily used for further chitin recovery. The
microwave-intensified enzymatic deproteinization process is
effective and could be considered for protein recovery from
lobster shells at large scale.
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