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The effect of sonication during chitin extraction from freshwater prawn shells on yield, purity, and
crystallinity of chitin was investigated. Dry prawn shells were suspended for 4 h in 0.25 M HCI at 40
°C while they were sonicated for 0, 1, and 4 h. Demineralized shells were lyophilized, resuspended
in 0.25 M NaOH, and sonicated again for 0, 1, and 4 h for protein removal. The yield of chitin decreased
from 8.28 to 5.02% for nonsonicated and sonicated samples, respectively, which was attributed to
losses of depolymerized materials in the wash water. The application of ultrasound enhanced the
removal of proteins. In nontreated shells, the amount of protein was 44.01% and was reduced to
12.55, 10.59, and 7.45% after O, 1, and 4 h of sonication treatments. The glucosamine content slightly
decreased with sonication probably because of losses due to depolymerization. The crystallinity indices
of chitins decreased as the time of sonication increased. The degree of acetylation of chitins was
unaffected by sonication, but the degree of acetylation of chitosans produced from sonicated chitin
decreased from 70.0 to 68.7 and 61.4% for 1 and 4 h sonicated samples, respectively.

KEYWORDS: Chitin; chitosan; sonication; high intensity ultrasound; freshwater prawns; Macrobrachium
rosenbergii
INTRODUCTION Regardless of the variations, all of these methods have in

common that they require high concentrations of strong acids
and strong alkali applied at high temperaturéssj. Deminer-

ucts from marine food production, mainly shrimp shells alization is most frequently carried out with hydrochloric acid
comprise almost 40% of total prawn,mass and have becomé aand deproteinization with sodium hydroxide. The order in which
major environmental concern due to their slow degradagpn ( "€S€ two steps are carried out may vary, although demineral-
On the other hand, crustacean byproducts are a major sourcéZation is typically performed first. The use of enzymes, such
of raw materials for chitin production. Chitin, the second most &S trypsin and pepsin, for protein removal has been examined,
abundant biopolymer in nature, differs from cellulose due to PUt the process requires substantially more time and appears to
the presence of the acetamido instead of the hydroxy group onP€ less efficient than the equivalent NaOH treatmérif). The

the C2 atom of the glucose subunits. However, naturally choice of processing conditions may be governed to some extent
occurring chitin has some (<30%) of the functional groups on PY the purpose for which the chitin is required, since partial
C2 deacetylated, making it a natural linear copolymer of deacetylation during deproteinization is not a disadvantage if

B-(1—4)-2-amino-2-deoxyp-glucan ang-(1—4)-2-acetomido-  the chitin is subsequently to be converted to chitosan, while
2-deoxybp-glucan (3). some hydrolysis of the polymer chain during the demineraliza-

The extraction of chitin from crustacean shells is a time- tion process can be tolerated if chitin is to be used in the form

consuming process that involves extensive demineralization andof particles or converted to microcrystalline chitir) (Further
deproteinization treatments. Many processes have been impleireatment of extracted chitin with hot concentrated NaOH causes
mented with various treatment times, temperatures, concentra-déacetylation and results in conversion of chitin to chitosan.
tions of acid and alkali solvents, and solid-to-solvent ratios. Chitosan is, thus, a heterogeneous polymer consisting of a
minimum of 70% of p-glucosamine and, consequently, a

. o ) ) . .
* To whom correspondence should be addressed. Tel: 865-974-0844. maximum 30% ofN-acetylp-glucosamine units.

Worldwide shrimp production from cultured and captured
prawns increased to over 4.2 million tons in 20QL Byprod-

Fa¥:U855'9,7t4'7f3§/|2- E'mﬁ‘”? 'tat”aZ@Utk-edU- Chitin and chitosan have shown potential for numerous
niversity o assachusetts. . . . . .
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8 University of Iceland. the effectiveness of the polymers greatly depends on molecular
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weight and degree of acetylation (DA) of the polymers. The <
standard deacetylation procedure involves treatment with hot

concentrated NaOH, while commonly applied depolymerization
treatments include acid3), enzymatic hydrolysis7), and,
recently, sonication (8). High intensity ultrasound has been
shown to cause depolymerization of macromolecules due to < DRY PULVERIZED SHELLS >
mechanical effects associated with cavitation by temporarily
dispersing aggregates and breaking covalent bonds in polymeric

Fresh Water Prawns (FWP) >

| Washing, boiling in NaClag., deaning shells, freeze-drying, milling ‘

chains 8—13). The application of ultrasound to enhance pectin DEMINERALIZATION |

yield from apple pomace has been suggested by Panchev et al. (DS AT gt A G BTe)

(14). The authors showed that1.2 W/cn? sonication treat- Ohr sonication | 1 hr sonication 4 hrs orication
ments were sufficient to cause an increase in pectin yield by

28% as compared to the standard extraction. The application | Washing until neutral, centrifuging, freezedrying, weighting, milling ‘
of ultrasound on chitin has recently indicated that presonicated

chitin is more deacetylated than untreated chitin due to a higher < DEMINERALIZED SHELL POWDER >

accessibility given by the ultrasound treatment (8).

The app_llcatlon of uItrasoun_d may Iower_ the amount an_d DEPROTEINIZATION
concentration of solvents used in the extraction process, which (0.25 M NaOH, 1:40 wjv, 40 C, total time 4 hr)
would, in turn, reduce the depolymerization of chitin molecules. O oncion T S 2 hre Sorication

The objective of this research was to investigate the effects of
high intensity ultrasound on yield and physicochemical char-
acteristics of chitin extracted from freshwater prawns (FWPs).

| ‘Washing until neutral, centrifuging, freezedrying, weighting, milling ‘

< DEMINERALIZED & DEPROTEINIZED SHELL POWDER >
MATERIALS AND METHODS

Raw Material. FWPs Macrobrachium rosenbergiB2 prawns, 12.1 Additional deproteinization
+ 1.3 cm long) were kindly provided by the University of Tennessee (1 M NaOH, 1:40 w/v, 90 C, 2 hrs)
Highland Rim Experiment Station (Springfield, TN). The FWP shells
were heated in boiling saltwater (4% NacCl) for 4 min and cooled in
tap water. All visible meat was peeled from the shells, and the shells
were extensively washed in running hot water. The clean shells were
freeze-dried, weighed, grinded, and sieved to obtain a fine powder (60 < Lo >
um; Wiley Mill, Thomas Scientific, Swedesboro, NJ).

| Washing until neutral, centrifuging, freezedrying, weighting, milling l

Extraction of chitin from FWP shells followed the method of Percot Deacetylation
et al. (L5) with slight modifications Kigure 1). FWP shell powder (4 (12.5MNaOH, 100 C, 4 hrs)
g) was suspended in 0.25 M HCI (1:40 solid-to-solvent, w/v) at@0
for 4 h. The control treatment that simulated conventional extraction | Washing until neutral, centrifuging, freezedrying, weighting, milling ‘
consisted of prawn shell suspensions that were stirred but not sonicated
during demineralization. Sonication treatments were conducted for 1
and 4 h at 42W/cn? using an ultrasonic processor (model 501, Cole < S >

Parmer, Vernon Hills, IL) with a 1.27 cm (1/2 inch) diameter stainless
steel probe. The ultrasonic intensity yas calculated from the slope
of the initial rise in temperature Tddt), the slope of heat loss after
the sonicator was turned off Tddt,), the sample massn), the heat
capacity of the solventf), and the radiusr} of the ultrasonic probe.

Figure 1. Schematic overview of the chitin extraction process from FWP
shells.

Analyses.All freeze-dried powered samples obtained during extrac-
tions were kept in desiccators at room temperature. The yield of each
m treatment was determined gravimetrically, immediately following

| = _% (ﬂ) — (ﬂ) ] (1) lyophilization of the treated samples. The mineral content (ash) was
ar? l\dt/a  \dt)p, assessed gravimetrically after ashing at 80dor 6 h. Residual proteins
in freeze-dried samples were solubilized in 1 M NaOH at’@0and

Samples that were sonicated for 1 h were left in the acid suspensiondetermined by the Lowry method §) with bovine serum albumin as
for an addition&3 h at 40°C with constant stirring. The demineralized a standard. The chitin content in the material was determined as total
powders were extensively washed with deionized water to neutral pH, glucosamine (TGA) following the method of Tsuji et &l7) after acid
lyophilized, weighed, and milled again. To determine the effects of hydrolysis with 6 N HCI at 110C (18) and neutralization with sodium
ultrasound on the removal of proteins (deproteinization), the fraction acetate (19). Liberated glucosamine was determined spectrophotometri-
of obtained powder was soaked in 0.25 M NaOH (1:15 solid-to-solvent, cally with 3-methyl-2-benzothiazolone hydrazone hydrochloride and
w/v) at 40°C. The samples were sonicated for 0, 1, and 4 h, and after FeChb at 650 nm (HP 8453 spectrophotometer, Hewlett-Packard,
4 h, they were extensively washed, lyophilized, weighed, and milled Ramsey, MS.).
again. The concentration of NaOH applied for deproteinization was  DA. A Nexus 670 Fourier Transform Infrared (FTIR) spectrometer
lower as compared to the industrially used solvents. On the basis of (Thermo Electron Co., Mountain View, CA) with an attenuated total
our preliminary experiments, this appeared to be necessary because ofeflection accessory and ZeSe crystal was used to record infrared spectra
a rapid deterioration of the sonicator probe tip that occurred when used of samples between 4000 and 700 ¢émwith 64 scans at a resolution
in more concentrated alkali solutions. All samples were additionally of 4 cn. The DA (%) was calculated using the OMINC 6.1 software
soaked in 1 M NaOH fo2 h at 90°C, extensively washed with water,  (Thermo Electron Co.) from absorbance areas of the bands at 1655
freeze-dried, and kept in a desiccator at room temperature until analysesand 3450 cm? (20):

Chitin was converted to chitosan without sonication. The samples
were mixed with 12.5 M NaOH in a 1:20 solid-to-solvent ratio and % N-acetylation= (A;gsdAs450 x 100/1.33 2
stirred for 4 h at 100°C. After deacetylation, the samples were
extensively washed with deionized water, freeze-dried, and kept as Samples were scanned three times, and the average DA values were
previously described. reported.
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Crystallinity. A series of measurements were performed on the Tape 1. Yield of EWP Shells Extraction
freeze-dried powder obtained during extractions to determine changes

in crystallinity of produced powders. The X-ray diffraction patterns true yield

were obtained using a wide-angle X-ray diffractometer (Philips PW1729 additional NaOH

Diffr meter, Philips Electronics, Almelo, Netherlan i . N

a di:tci:(t)cr)l _?_Lee' 2 anplsé Weacst gca(;sr;e d ﬂ%g]‘ 5eot2§ ts gj)g%;:dg(ﬁ]ue demineralization deproteinization treatment (% of

counting ltime a2 sgateach angle step (0.6 .The opera.ting voltage sonication (% of initial FWP (% of demineralized deproteinized
) . time (h shell powder FWP powder, FWP powder,

and current of the tube were 45 kV and 40 mA, respectively. The (0 P ) P ) p )

crystallinity index (Cr peay) Was determined by a method proposed for g é}lgg ’f 8-‘212 ig-gg ’f 8-2(1) ;g-gi f é;g

cellulose (21) and applied to chitosdt?} using the following formula: 4 60.73 £ 3.6 8374217 8365 + 455

significance® <0.0001 <0.0001 0.0154
Crlpeak= (1110~ lam)/l110 3 (F?S A
wherel11is the maximum intensity (arbitrary units) of the (110) lattice gﬂi?jrratic <8888% <8ggg(1) <8gggé

diffraction pattern at 26= 20° andlam is the intensity of amorphous

diffraction in the same units at 28 16°. relative yield
Sizes of CrystallitesThe apparent crystal sizBgp, at 26 = 20° of

the samples, in the direction perpendicular to the (110) crystal plane,

was calculated using Scherrer’s equation (23):

g of extracted material from initial
100 g of FWP shell powder

sonication additional
time (h demineralization deproteinization NaOH treatment
Ao =—K- ) ®) P
B x cos(6B) 0 71.93 10.65 8.28
) _ ) . o 1 64.23 9.68 7.55
where 2 is the average crystallite size (nm) in the direction 4 60.73 5.08 5.03

perpendicular to the@= 20° plane,1 is the wavelength of the ¢

Cu (1.540_5 A)B (in radlans)_ is the full width of hal_f the maximum of 2| inear = significance of a linear relationship; quadratic = significance of adding
the reflection corrected for instrumental broadening (fwhm measured . quadratic arguments to the linear relationship.

after a correction by subtracting the baseline for the amorphous region),

k is a constant, indicative of crystalline perfection, here assumed to be ) . .
0.9 (23), and @5 is the peak angle (radian). The fwhm due to the 1, and 4 h sonicated samples, respectivébfe 1). The chitin

equipment (source diffraction) was measured on boron lanthanum andyi€ld in conventional extractions generally ranges from 5 to 8%
was systematically subtracted from the experimental values (23).  (7), and our results agree with the expected values. However,
Scanning electron micrographs of powdered samples were recordedthe yield of all three extraction steps decreased with an increased
with a LEO 1525 Field Emission with Link Oxford EDS system at 20  sonication time. Although the lowest chitin yield obtained in
kV and 15 Pa (scanning electron microscope, LEO 1525 VP, LEO oyr experiment (5.03%, 4 h sonication) was still similar to the
Electron Microscopy, NY). The samples were coated with gold t0 yie|d obtained in industrial settings, the yield reduction from
ensure sufficient electron _refractlon. A series of images were taken of the control (8.28%) was probably due to depolymerization of
samples at each processing step using magnification between 100 chitin molecules during the acid treatment; that is, small solvent

and 5000 luble chitin f hitin-oli harid have b
Statistical AnalysisTo determine interactions between extractions soluble chitin fragments (chitin-oligosaccharides) may have been

steps (i.e., treatment of material and levels of sonication 0, 1, and 4 h), produced (24). Thus, ultrasonication, while aiding in the
results were subjected to statistical analyses using SAS (version 8, SASelimination of minerals and proteins, increased chitin losses.
Institute Inc., Cary, NC). Analysis of variance for yield, mineral, and To remove minerals from the initial material, we treated FWP
TGA contents was performed using a mixed procedure (proc mixed) shell powder with 0.25 N HCI fo4 h at 40 °C. Sometimes,
and, for protein contents, in samples using both a mixed procedure different acids are used for this purpose, including acetic, formic,
and gengral linear model (proc glm) procedure. Mean separation Washydrochloric, and nitric acids, but hydrochloric acid is most
accomplished by orthogonal polymonial contrast. commonly used. The usual concentrations of HCI are in the
0.25—2 M range, and the treatments last from 1 to 48 h at
RESULTS AND DISCUSSION temperatures ranging from 0 to 100 (15,25—27). It has been
True yields of all extraction steps are shownTiable 1. The recognized that harsh acid treatments can cause depolymeriza-
“true yield” is expressed as a percent of the extracted material tion of chitin as a side effect of demineralization. Percot et al.
from the material that was used for extraction while the “relative (15) found that the intrinsic viscosity of chitosan obtained after
yield” shows the amount of extracted material (g) on initial 100 3 h of demineralization in 0.25 M HCI at room temperature
g shell dry weight basis. In the demineralization and depro- was lower as compared to the viscosity of chitosan treated for
teinization treatments, the differences among sonication treat-1 h. The authors further showed that only 15 min of the same
ment levels were significanp(< 0.0001). For demineralization,  conditions was sufficient for complete removal of minerals when
the relationship between sonication and yield was quadratic. the solid-to-solvent ratio was 1:20. This is the mildest successful
Demineralization with 0.25 M HCI solubilized calciumcarbonate demineralization treatment published so far, and it offers
and other salts from the shells and resulted in reduction of shell possibilities for shorter treatments, especially in combination
weight by 28.07, 35.77, and 39.27% for 0, 1, and 4 h sonication- with the application of sonication.
assisted demineralized material, respectively. The treatment with  The largest weight losses in our experiment occurred during
0.25 M NaOH (deproteinization) caused even more solubiliza- the deproteinization step (approximately-38 g of initial 100
tion, yielding only 8.3715.07% of the material from the g dry shell powder). Commonly applied deproteinization condi-
previous step. Additional NaOH treatment further extracted tions include treatment with 0.122.5 M NaOH solution (1
alkali soluble compounds and resulted in 75:83.65% of M being the most common) at 68.00 °C for 1—72 h. Thus,
previously deproteinized materigd € 0.0154). For both steps  our control treatment with 0.25 M NaOH and no sonication
of deproteinization, the relationship between sonication and yield was fairly mild and had to be supplemented with additional
was linear. Calculated on the initial dry FWP shell basis, the NaOH treatment to eliminate residual proteins. However, 4 h
final chitin yield was 8.28, 7.55, and 5.03% for nonsonicated, of sonication-assisted treatment enhanced deproteinization prob-
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Table 2. Mineral Content in FWP Material after Each Extraction Step

% ash in material

sonication FWP powder FWP powder after
time (h) demineralized  deproteinized  additional NaOH treatment

0 1.82+0.08 2.12+0.44 2.38+0.47

1 3.89+£0.20 320+0.24 352+1.01

4 418+0.24 7.82+0.36 5.54 £0.45
significance?  <0.0001 <0.0001 0.0868

(P=h

linear <0.0001 <0.0001 0.0004

quadratic <0.0001 0.0129 0.9134

EMT» 200k SgaalA=SED Dol Ooi 200
MU= Emn Phdehio =312 Tie 10518

ash (g) remaining from 100 g of
initial FWP shell powder

sonication FWP powder FWP powder after
time (h) demineralized ~ deproteinized  additional NaOH treatment
0 1.31 0.23 0.20
1 2.50 0.31 0.27
4 254 0.40 0.28

@ Linear = significance of a linear relationship; quadratic = significance of adding
the quadratic arguments to the linear relationship.

teinization, the relationship between sonication and mineral
o content was quadratic; however, an additional protein extraction
step resulted in a linear relationshipaple 2). As mentioned
earlier, Percot et al16) determined that the same concentration
of acid successfully eliminated minerals from shrimp shells after
only 15 min at room temperature. Further alkali treatments in
our experiment resulted in a higher content of minerals in the
solids (expressed on a % basis). This apparent increase may be
the result of a significant reduction of proteins and not due to
the accumulation of minerals. However, all sonicated samples
had significantly higher levels of ash after each extraction step
as compared to the contrgd (< 0.0001). The possible reason
for this increase may be in a considerable deterioration of the
. (o sonication probe’s stainless steel tip during prolonged sonication,
< B My as was evidenced by the formation of microholes in the tip.

i Thus, one of the solutions to effectively reduce the mineral
fraction in the final product is to use short, 15 min or less,
demineralization treatments with brief sonication.

The initial protein content in FWP shells was 44.01%.
Overall, the differences among sonication levels and among
ably due to breaking of hydrogen bonds and other intra- and treatment levels were significant, withvalues of 0.0016 and
intermolecular interactions. Additionally, the rigid structure of <0.0001, respectively. Conventional demineralization reduced
a-chitin, which exists in crustacean shells, may have been the protein fraction by about 3% whil4 h of asonication-
disrupted by high intensity ultrasound and promoted solubili- assisted process resulted in about 10% reduction (Table 3).
zation of compounds that comprise the shell structure (see alsoDeproteinization further decreased the protein content to 12.55,
Figure 2). 10.59, and 7.45% for O, 1, and 4 h sonication treatments,

Scanning electron micrographBigure 2) clearly show the respectively, indicating that sonication significantly improved
effects of sonication on the morphology of FWP shell powder. this extraction step. For both demineralization and deprotein-
The removal of minerals and proteins by traditional extraction ization, the relationship between sonication and mineral content
left chitin fibers in the form of stacked layers. However, the was linear; however, an additional protein extraction step
application of 1 h ofsonication during demineralization and resulted in a quadratic relationshipigble 3). A NaOH
deproteinization fractured chitin sheets, vehdl h ofsonication concentration (0.25 M) was apparently insufficient to remove
resulted in extensive perforation of the shell fragments. These all proteins from the material, and an additional treatment with
“spongelike” structures had significantly larger surface areas 1 N NaOH was applied to complete the deproteinization. Even
than nonsonicated fragments, which allowed for enhanced though sonication was not applied during this additional NaOH
extraction but also resulted in lower final chitin yields. step, previous sonication treatments (during demineralization

The mineral content in FWP shells was initially 22.21% and and deproteinization) had already weakened the shell structure,
treatment with 0.25 M HCI and no sonication reduced it to thereby enhancing the protein solubilization. Thus, chitin from
1.82% (Table 2). Differences between sonication levels were the 4 h sonication-assisted extraction had less than 50% of the
highly significant after demineralizationp (< 0.0001) and proteins found in chitin produced by the control extraction.
deproteinization (p< 0.0001) but not after additional depro- TGA Content. Contrary to minerals and proteins, the TGA
teinization p = 0.0868). For both demineralization and depro- content increased in the material after each step in the extraction

Az
Phazbie =383 Trwe

Figure 2. Scanning electron micrographs of FWP shell powder after (a)
traditional extraction, (b) 1 h of sonication extraction, and (c) 4 h of
sonication extraction.
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Table 5. Crystallinity Index of FWP Solids

% protein in material

crystallinity index

FWP powder sonication FWP powder FWP powder after
sonication FWP powder after time (h) demineralized deproteinized additional NaOH treatment
time (h) demineralized  deproteinized  additional NaOH treatment 0 66.0 80.6 91.6
0 41074492  1255+0.97 5.72+037 1 68.9 84.1 83.7
1 36.23+128  1059+0.17 290+218 4 56.8 715 806
4 3434 £2.17 745237 2.67 £0.57
significance?  0.0011 0.0437 0.9535
P<h 3500
linear 0.0634 0.0022 >0.0001 El —— Traditional extraction
quadratic 0.1811 0.1498 0.0219 — 1 h sonication extraction
: — 3000 A 4 h sonication extraction
proteins (g) remaining from 100 g of
initial FWP shell powder
sonication after after after additional 2500
time (h) demineralization deproteinization NaOH treatment
0 29.54 1.34 0.47
1 23.27 1.03 0.22
2 N
4 20.85 0.38 0.13 %" o
g
@ Linear = significance of a linear relationship; quadratic = significance of adding E
the quadratic arguments to the linear relationship. 1500
Table 4. TGA Content in FWP Material after Each Extraction Step —_—
% glucosamine in material
sonication FWP powder FWP powder after 5 |
time (h) demineralized  deproteinized  additional NaOH treatment . ] 1 "‘k..
) L
0 19.33+0.95 54.26 + 2.59 63.94 +1.82 i A sl ' ‘“""‘A'Mq.,
1 24.38 +2.88 54.60 +2.12 63.37 244 i
4 27.85+197  63.74%0.80 57.02 % 2.09 0 - - '
significance?  <0.0001 <0.0001 0.0922 0 10 20 30 40 50 60
(P=hH 20
linear <0.0001 0.7750 0.0048
quadratic  <0.0001 0.0011 0.4880 4560
glucosamine (g) remaining from 100 g of El —— Traditional extraction
initial FWP shell powder — 1 h sonication extraction
_— " 3000 - 4 h sonication extraction |
sonication after after after additional
time (h) demineralization deproteinization NaOH treatment
0 13.90 5.78 5.29 |
1 15.66 5.29 478 e
4 16.91 3.24 2.87
aLinear = significance of a linear relationship; quadratic = significance of adding =z 2000 +
the quadratic arguments to the linear relationship. E
processTable 4). For conventional extraction, the TGA content = 1500 |
was 19.33, 54.26, and 63.94% in demineralized material,
deproteinized material, and solids after additional NaOH treat-
ment, respectively. The application of ultrasound during de- 1000 -
mineralization and proteinization resulted in a higher TGA
content due to enhanced extraction of impurities. Differences
among sonication levels were significant after demineralization 500 -
(p < _0.0001) and _d(_eprqteinizatiom) (< 0.0001) but not after A
additional deproteinizatiorp(= 0.0922). When the results are e Aobln st "‘"-. B o IVOURO
expressed on the absolute values basis (g TGA resulting from 0 : : - -
the initial 100 g FWP shell powder), it appears ttdah of 0 10 20 30 40 50 60
sonication-assisted extraction resulted in a lower TGA yield 20

(2.87 as compared to 5.29% for control). This is probably Figure 3. X-ray diffractographs of (a) FWP chitin and (b) chitosan after
the consequence of the long acid treatment during de- traditional extraction (blue line), 1 h of sonication extraction (pink line),
mineralization that may have reduced the molecular weight of and 4 h of sonication extraction (yellow line).

the polymer and resulted in “leaching” of chitin oligomers.

Shorter demineralization and/or sonication times would probably  Crystallinity Index. The crystallinity of the material in-
lessen depolymerization and still ensure sufficient removal of creased with the elimination of impurities from the FWP powder
(Table 5 andFigure 3). In crustacean shells, chitin fibers are

minerals.
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Figure 4. Infrared spectra of FWP shell material obtained during extraction.

embedded in a protein matrix and this high molecular weight Taple 6. Size of Crystallites in FWP Solids
complex is reinforced with large amounts of calcium salts. By
removing the minerals and, more significantly, by removing the

size of crystallities (nm)

protein amorphous matrix, chitin fibers became exposed and ggpication FWP powder FWP powder after
the crystallinity index increased. Further deproteinization with  time (n) demineralized  deproteinized  additional NaOH treatment
an additional 1 N NaOH treatment resulted in a higher 108 216 244
crystallinity as compared to the crystallinity of material after 1 0.42 2.4 228

the first alkali treatment (91.6 vs 80.6). Interestingly, the 4 1.09 2.13 3.07

crystallinity index detected in sonicated samples was lower than
in the control. Crystallinity in polysaccharide molecules, such sistent with data from Jaworska et aR9) who found that

as in chitin, has been attributed to extensive hydrogen bondingchitosans extracted from shrimp shells had a fwhm between
between hydroxyl, carbonyl, amino, and amido groups of neigh- 2.02 and 3.38 nm.

boring chains. Sonication may have disrupted these interactions FTIR Scans.Characteristic bands for chitin and chitosan in
thereby reducing the crystallinity index. Deacetylation with 12.5 the FTIR spectra include-a3265 cn* band assigned toNH

M NaOH further reduced crystallinity, progressively more so stretching vibrations, a band in the neighborhood of 1655cm
as the sonication time increased during chitin extractitgure attributed to G=0O stretching absorption (amide | band), and an
3b). Thus, chitin samples with a crystallinity index of 91.6, 83.7, amide Il band appearing between 1555 and 1520 cm
and 80.6 and 0, 1, and 4 h sonication-assisted extractionConsequently, a decrease in peak intensity at 1655'@nd
produced chitosans with crystallinity indices of 86.4, 83.7, and an increase of peak intensity at 1555 ¢nare expected as the

73.1, respectively. This is consistent with results from Li et al.

(28) who observed that increasing the contact time-chitin
with hot NaOH solution resulted in a lower crystallinity index
of the material. A low crystallinity index is very important in

deacetylation of chitin progresses. However, the differences in
the scans between chitins and their corresponding chitosans were
not as large as expected. Thus, the DAs of #/5.9.9, 72.4+

5.3, and 75.7+ 1.5% were determined for 0, 1, &t h of

subsequent chemical modification steps such as deacetylatiorsonication-assisted extracted chitins, respectively, while corre-
and hydrolysis. Efficiency of these processes typically increasessponding chitosans had DAs of 704 6.4, 68.7+ 2.2, and
with decreased crystallinity of raw materials (Kurita, 1993). On 61.4+ 3.2%.
the basis of our results, sonicated materials appear to be more Interestingly, peaks in the area between 3000 and 2800 cm
accessible and prone to modifications, indicating that they havewere dominant in demineralized FWP shell samples but
an excellent potential to be used in the production of chitin considerably smaller after deproteinization. Because this region
derivatives. is characteristic for the-CHj, stretching absorptions (~2930
Size of Crystallites.The sizes of the crystals corresponding and 2876-2840 cnt!) and—CHs vibrations (2930 and 2885
to the angle 26~ 20° were found to be between 0.42 and 3.07 2865 cntl), the peaks were probably the result of a long
(Table 6). Resolutions of other peaks were less resolved, and hydrocarbon chain of lipids and carotenoids present in dried
determination of fwhm of other peak angles was not consistent. shell powder. Astaxanthin is a dominant pigment of crustacean
Nevertheless, it can be seen that with the extraction processexoskeleton with an average concentration of:@fy on a dry
the sizes of the crystallites increase as the contact time of weight basis26). As the exoskeleton carotenoids are embedded
samples with sodium hydroxide solution increases. The order in the protein matrix, alkali treatments apparently removed not
of magnitude of the crystallites’ size in our samples is con- only proteins but lipid fractions as well.
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In conclusion, our results showed that although chitin yield

of sonicated-assisted extractions was lower as compared to
traditional procedures, high intensity ultrasound provides a

J. Agric. Food Chem., Vol. 54, No. 9, 2006 3323

(16) Lowry, O. H.; Rosbrough, N. J.; Farr, A. L.; Randall, R. J. Protein
measurement with the Folin phenol reagénBiol. Chem1951,
193, 265—275.

simple technique for shorter extraction treatments and production (17) Tsuji, A.; Kinoshita, T.; Hoshino, M. Analytical chemical studies

of less crystalline polymers susceptible to various modifications.
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