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Abstract To achieve demineralization of crab shell waste by chemical and biological treatments,
lactic acid and lactic acid bacterium were applied. In 5.0 and 10% lactic acid, pH rapidly de-
creased from 6.8 to 4.2 and from 4.5 to 2.4 at day 3, respectively, and thereafter the pH re-
mained at an almost constant level. In a 10% lactic acid bacterium inoculum, pH lowered to 4.6
at day 5. Relative residual ash content rapidly decreased to 49.1 and 16.4% in 5 and 10% lactic
acid treatments, respectively, for the initial 12 h. In 2.5, 5 and 10% lactic acid bacterium inocu-
lums, relative residual ash content rapidly decreased to 55.2, 40.9 and 44.7%, respectively, on
the first day. Residual dry masses were 76.4, 67.8 and 46.6% in 2.5, 5 and 10% lactic acid treat-
ments, respectively, for the initial 12 h. After a one-time exchange of the lactic acid solution, in
the 5.0% lactic acid treatment, residual dry mass rapidly decreased from 66.0 to 41.4%. In 2.5, 5
and 10% lactic acid bacterium inoculums, residual dry masses decreased to 67.6, 57.4 and 59.6%
respectively, on the first day. Protein contents after demineralization ranged from 51.3~54.7% in
the chemical treatments and decreased to 32.3% in the lactic acid fermentation process. A nega-
tive relationship was shown between pH and demineralization rate in lactic acid and lactic acid
bacterium treatments. These results suggest that lactic acid fermentation can be an alternative
for demineralization of crab shells, even though the rate and efficiency of the demineralization
is lower than the chemical treatment.
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INTRODUCTION

Chitin, a linear copolymer of B(1—4)-2-acetamido-2-
deoxy-D-glucan, occurs widely in nature as a principal
structural polymer in the integument of insects and crus-
taceans such as shrimp and crab shells and in the cell
walls of many fungi. For chitin preparation, harsh chemi-
cal treatments are usually required to remove calcium
carbonate and protein from raw chitinous material. This
raw material has been most abundantly available in crab
shells, shrimp shells, cuttle fish and prawn shells. The
raw material has been conventionally treated with a com-
bination of HCl and NaOH [1,2].

Demineralization of crustacean cuticles is performed
by acids such as HCI, HNO;, H,SO,, CH;COOH, and
HCOOH. Especially, hydrochloride seems to be the pre-
ferred reagent in the case of chitin-containing waste ma-
terials including shrimp, krill, crab, prawn, and lobster
[3]. However, the aggressive nature of the harsh chemi-
cal treatments results in anomerization and hydrolytic
effects on the chitin structure [4]. It also causes the seri-
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ous problem of waste treatment.

These days, milder and environment-friendly protocols
have been introduced to overcome the short-comes of a
chemical process. Myint ef al. [5] suggested a reduction
of chemical input to prevent the possible decrease of mo-
lecular weight of chitin and chitosan. Pretreated shrimp
in combinations with crushing, drying, grinding, washing
with acidified water, boiling and fermentation can be de-
proteinized and decalcified at ambient temperature using
only 2.5% NaOH and HCI, respectively [6].

In this paper, we investigated the demineralization of
crab shell wastes by lactic acid bacterium fermentation
and compared these results with the efficiencies of the
chemical treatments.

MATERIALS AND METHODS
Crab Shell Waste

Red crab (Chionoecetes japonicus) shell waste was ob-
tained from Shinyoung Chitosan Ltd. (Yeongdeck, Ko-
rea). The dried shell waste was roughly milled with an
electric mixer and samples (particle size : 0.6~1.7 mm)
were collected and used for treatments.
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Demineralization with Hydrochloric Acid,
Ethyenediaminetetraacetic Acid (EDTA) and Lactic
Acid

Crab shell waste (Dry weight, DW 20 g) was thor-
oughly mixed with 1,000 mL of 2 N HCI. This treatment
was carried out at room temperature. Crab shell waste
(DW 20 g) was immersed in 2 liters of 0.1 M EDTA so-
lution, previously adjusted to pH 7.5 with aqueous am-
monia, at room temperature. Crab shell waste (DW 20 g)
was thoroughly mixed with 200 mL of various concentra-
tions [0, 2.5, 5 and 10% (v/w)] of lactic acid, at room
temperature. On the 2nd day, the exhausted lactic acid
solution was exchanged for a fresh one.

Demineralization with Lactic Acid Bacterium
Fermentation

Microorganism and Preparation of the Inoculum

Lactic acid bacteria, Lactobacillus paracasei subsp. tol-
erans KCTC-3074, was obtained from Korean Collection
Type Cultures. The strains in 50% glycerol as a cryopro-
tectant were stored in a deep freezer at -70°C. In order to
prepare a starter culture, the initial cell was transferred
into 250 mL of sterile MRS broth and incubated at 30°C
for 2 days. To prepare an inoculum for fermentations, 2.0
mL of the starter culture was subsequently transferred to
100 mL of sterile MRS broth (2% inoculation), and in-
cubated statically at 30°C for 2 days. The prepared inocu-
lum yielded a cell concentration of approximately 10°
cfu/mL.

Flask Fermentation

Crab shell waste (DW 20 g) was thoroughly mixed
with 200 mL of 10% glucose and inoculated with various
amounts of the inoculum [0, 2.5, 5 and 10% (v/v)]. Each
fermentation was carried out at 30°C with rotary shaking
(180 rpm) for 5 days.

Sample Analysis

Dry weight was measured after drying at 60°C for 48
h in an oven. The pH was measured with a pH meter
(Beckman, PHi 34, USA). Ash content was determined
after combustion at 500°C for 3 h in an electric furnace
[7]1. Protein content was determined by the modified
method of Takiguchi et al. [8]. That is, 150 mg of dried
material was added to 25 mL of 10 N NaOH in a 100-
mL flask. The flask was covered with aluminum foil and
heated at 121°C for 60 min in an autoclave, The reaction
mixture was then cooled rapidly, neutralized with HCI in
an ice bath, and filtered. In a test tube, 0.25 mL of sam-
ple solution, 2.5 mL of 0.5 M acetate buffer (pH 5.1),
and 2.5 mL of ninhydrin-hydrindantin solution was
added and mixed. After incubation in boiling water for 10
min, absorbance was measured at 564 nm. The protein
content P was calculated from Eq. (1), where A5, stands
for absorbance at 564 nm and W for sample mass.

P (%) = 2.37 (Ass/W) (1)
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Fig. 1. Changes of pH in each medium during fermentation
with (A) EDTA [Control (-O-), 0.1 M EDTA (-@-)], (B) lac-
tic acid [Concentration 0% (-O-), 2.5% (-@-), 5% (-A-), and
10% (-l-)] and (C) lactic acid bacterium [inoculum 0% (-O-)
2.5% (-@-), 5% (-A-), and 10% (-ll-)]. The arrow in B indi-
cates the exchange of the exhausted lactic acid solution for a
fresh one.

RESULTS

The pH in each was measured during EDTA and lactic
acid treatments, and lactic acid fermentation (Fig. 1).
The pH in the EDTA treatment was maintained continu-
ously above pH 7 and little changed throughout the ex-
perimental period. In the 2.5% lactic acid treatment, pH
maintained at about 7.0 for 5 days. In 5.0 and 10% lactic
acid, pH rapidly decreased from 6.8 to 4.2 and from 4.5
to 2.4 after the exchange of the exhausted acid solution
for a fresh one, respectively. Thereafter, pH maintained



Biotechnol, Bioprocess Eng. 2005, Vol. 10, No. 1

(A) ®1009

E 0\0_\_0\0
£ 80 -9
8
g 60- * * * *
g
§ 40- -
£ 20 -
5
g 0 — . . .

0 1 2 3 4 5

Days after treatment
(B) €100
- O—o °
s T—
g 80- ¢
*—@

% 60 * -
o
3 A A\O\
3 40- *
e
]
2 207 5 o ] i
k: Ty
c 0 . * 4 . L

0 1 2 3 4 5

Days after treatment
© 1004 y
E 80_ ] O ')
8
Q
% 60- -
-§ 1
2 40- L
8 .
e —————

2 20 e ———
s
e 0 et . .

0 1 2 3 4 5

Duration of fermentation (Day)

Fig. 2. Changes of relative residual ash content in crab shell
wastes during demineralization with (A) EDTA [Control (-O-),
0.1 M EDTA (-@-)1, (B) lactic acid [Concentration 0% (-O-),
2.5% (-@-), 5% (-a-), and 10% (-l-)] and (C) lactic acid
bacterium [inoculum 0% (-O-), 2.5% (-@-), 5% (-A-), and
10% (-Hl)1. The arrow in (B) indicates the exchange of the
exhausted lactic acid solution for a fresh one.

at almost constant levels. In the 2.5 and 5.0% lactic acid
bacterium inoculums, pH rapidly decreased from 8.2 to
about 6.3 and from 7.3 to about 6.2 in the first day, re-
spectively. Thereafter, the pH levels slowly decreased. In
the 10% inoculum, the pH lowered down to 4.6 at day 5.

Changes of relative residual ash content in crab shell
wastes during demineralization with EDTA, lactic acid
and microorganism treatments were measured (Fig. 2).
The residual ash content when treated with 0.1 M EDTA
decreased to 70.0% for the initial 12 h and then main-
tained a constant level. In 5 and 10% lactic acid treat-
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Fig. 3. Changes of residual dry mass in crab shell wastes during
demineralization with (A) EDTA [Control (-O-), 0.1 M EDTA
(-@-)], (B) lactic acid [Concentration 0% (-O-), 2.5% (-@-),
5% (-a-), and 10% (-H-)] and (C) lactic acid bacterium [in-
oculum 0% (-O-), 2.5% (-@-), 5% (-A-), and 10% (-H-)].
The arrow in B indicates the exchange of the exhausted lactic
acid solution for a fresh one.

ments, the values rapidly decreased to 49.1 and 16.4%,
respectively, for the initial 12 h, and decreased from 47.7
to 8.0% and from 15.9 to 5.2%, respectively, after the
exchange of the exhausted acid solution for a fresh one.
In lactic acid fermentation with 2.5, 5 and 10% inocu-
lums, the relative residual ash content rapidly decreased
to 55.2, 40.9 and 44.7%, respectively, on the first day,
and thereafter slowly decreased.

Changes of residual dry mass were observed during
demineralization with EDTA, lactic acid and microorgan-
ism treatments (Fig. 3). The residual dry mass in the
EDTA treatment maintained an 80% level without sig-
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Table 1. Residual dry mass, residual ash content and protein content after demineralization of crab shell wastes for 5 days

Treatments Residual dry mass (%) Residual ash (%) Protein (%)
HCl 2N 365 1.2 0.1+0.0 54.7+2.5
EDTA oM 8§1.4+4.1 806+ 7.5 -
0.1 M 73.8+3.5 62.5+£5.5
0.1 M? 346122 0.2+£0.1 53.6+£1.9
Lactic acid 0% 81.4+3.1 80.6 £2.3
2.5% 62.0+2.7 436+ 1.5
5.0% 384+1.3 6.0£0.2 51.3+£27
10% 38.0£1.8 5.0£0.4
L. paracasei 0% 794+ 2.6 81.5+£3.5
KCTC-3074 2.5% 47.6 £ 2.1 256+14
5.0% 46.0+ 1.4 249+1.2 323+1.5
10% 428+1.0 183+ 1.5
@ Every 2 days, the exhausted EDTA solution was exchanged for a fresh one. ® No measurement. All results shown are the mean of three determina-
tions.
(A) 10 acid bacterium inoculums, respectively on the first day.
L Thereafter, the dry mass slowly decreased.
8 r 00 Residual dry mass, ash content and protein content af-
6 _ @0 ter demineralization of crab shell waste for 5 days are
= given in Table 1. In the case of an exchange of the ex-
& i 9, hausted 0.1 M EDTA solution for a fresh one every 2nd
4 ) y
X y = -0.0592x + 9.2125 day, residual dry mass and ash content were 34.6 and
2 R2=0.8903 8 0.20%, respectively, while the values were 73.8 and
- 62.5%, respectively, in the case of no exchange of the
0 : At * EDTA solution. The values were 36.5 and 0.1%, respec-
] 20 40 60 80 100 tively, in the 2 N HCl treatment as a reference. In the 5%
Demineralization (%) lactic acid treatment, residual dry mass and ash content
B) were 38.4 and 6.0%, respectively, while the values were
10 o 46.0 and 24.9%, respectively, in lactic acid bacterium
8 o fermentation with the 5% inoculum. Protein contents
ranged from 51.3~54.7% in the chemical treatments and
6 I 32.3% in lactic acid bacterium fermentation.
5 - An interrelationship between pH in the medium and
4 i y = -0.0518x + 9.0122 deminerali;ation leyel in _crab shells was cor.lstructe'zd (Fig.
RZ = 0.928 4). Negative relationships were shown in lactic acid
2 [ ’ treatment (*=0.8903) and lactic acid fermentation
0 . 1 1 1 (r2=0.928).
0 20 40 60 80 100

Demineralization (%)

Fig. 4. Correlation between pH in each medium and deminer-
alization in crab shell wastes with (A) lactic acid treatment and
(B) lactic acid bacterium fermentation.

nificant changes throughout the experimental period.
Residual dry mass rapidly decreased to 76.4, 67.8 and
46.6% in 2.5, 5 and 10% lactic acid treatments, respec-
tively, for the initial 12 h, and then maintained almost
constant levels for 2 days. After the exchange of the lactic
acid solution, in 5.0% lactic acid, the dry mass rapidly
decreased from 66.0 to 41.4%. The dry mass rapidly de-
creased to 67.6, 57.4 and 59.6% in 2.5, 5 and 10% lactic

DISCUSSION

Demineralization of crustacean wastes has been car-
ried out with inorganic acids such as hydrochloric [1,2,9]
and sulphuric [10], and organic acids such as formic
[11], acetic [12], lactic [13], and ethylenediamine-
tetraacetic acid [14,15]. In this study, we tried lactic acid
bacteria fermentation [16,17] in order to demineralize
crab shell wastes as a lesser harsh means.

When lactic acid was added to the shell powder, pH
increased during the initial 12 h from pH 2 to pH 4.4~
7.0 (Fig. 1B), concurrent with a rapid decrease in resid-
ual ash content (Fig. 2B), suggesting a rapid solubiliza-
tion of calcium carbonate. This process was depending
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on the acid concentration; the higher the acid concentra-
tion, the more efficient was the solubilization of CaCOx,

and the lower the residual ash content in the treated mass.

In lactic acid bacteria fermentation with the 10% in-
oculum, medium pH was maintained around pH 5 after
day 3, which is similar with the values of Cira ef al. [18].
Shirai et al. [19] reported that lactic acid fermentation of
shrimp wastes in which contained 10% (w/w) glucose
and a 5% inoculum of Latobacillus sp. B2 lowered from
pH 7.5 to pH 4.5. Medium pH likely depends on the
content of the energy source such as glucose and sucrose.
The pH lowered down to 4.0 when the ratio of shrimp to
cassava was adjusted to 2.0 (w/w) [20].

Relative residual ash content of isolated dry material
ranged from 5~50% depending on the concentration of
chemicals and the inoculum volume of lactic acid bacte-
rium (Fig. 2). Increasing the inoculum concentration
resulted in improved demineralization (Fig. 2C), which is
in agreement with the report of Shirai et al. [19]. Resid-
ual ash contents after 5 days of the treatments with 5%
and 10% lactic acid were much lower than those in bacte-
rial fermentations.

Residual dry masses in the 5 and 10% lactic acid
treatments were about 38% at day 5, while those in lactic
acid bacterium fermentations were 43~46%. Protein con-
tent in the bacterial fermentations was lower, suggesting
utilization of protein in the shell waste during the fermen-
tation process (Table 1).

As shown in Fig. 4, it turned out that pH in the me-
dium is a critical factor for solubilization of CaCOj; from
the shells. The pH and residual ash content showed a
negative correlation, in which a decrease in pH related to
an increase in demineralization. Thus, productivity of
organic acids by fermentation is important for efficient
demineralization.

The fermentation process for chitin production is still
less efficient than conventional chemical treatment. How-
ever, this technology will come to offer the advantages of
less effluent production and recovery of the protein frac-
tion as an added-value product.
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