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Solubility Improvement of Cuttle Bone Powder Using Organic Acids
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As a part of a study on effective use of seafood processing by-products, such as cuttle bone as a calcium source, we examined on
the kind of organic acid (acetic acid and lactic acid), reaction concentration (mole ratio of calcium to mole of organic acid), reaction
temperature (20~60C) and reaction time (6~ 24 hours) as reaction conditions for the solubility improvement of cuttle bone powder.
The high soluble cuftle bone powder was also prepared from the optimal reaction conditions and partially characterized. From the
results on examination of reaction conditions, the high soluble cuttle bone powder was prepared with 0.4 in mole ratio of a calcium
to mole of a acetic acid at room temperature for 12 hours. Judging from the patterns of IR and X-ray diffraction, the main
component of the high soluble cuttle bone powder was presented as a form of calcium acetate, and a scanning electron micrograph
showed an irregular form. The soluble calcium content in the high soluble cuttle bone powder was 5.3% and it was improved about
1,380 times compared to a raw cuttle bone powder. For the effective use of the high soluble cuttle bone powder as a material for
a functional improvement in processing, it should be used after the calcium treatment at room temperature for about 1hour in tap
water or distilled water. From these results, we concluded that it is possible to use the high soluble cuttle bone powder as a material
for a functional improvement in processing.
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Fig. 1. Effect of calcium concentration (molar ratio*) in reac-
tion on the pH of acid-treated cuttle bone powder.
*Molar ratio: mole of calcium / mole of organic acid.
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Fig. 2. Effect of calcium concentration (molar ratio*) on the
white index of acid-treated cuttle bone powder.
*Molar ratio: mole of calcium / mole of organic acid.
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Table 1. Effect of molar ratio in calcium to organic acids on
recovery amount, total and soluble calcium contents
of acid-treated cuttle bone powder

Organic Molar ratio®
acid® 01 02 03 04 05 055

Recovery amount A 189 376 548 724 810 849
()? L 336 645 953 1264 1487 1578

Total calcium A 2132 2143 2160 2192 2443 2570
contents (g/100g) L 1206 1218 1238 1245 1263 1265
A

Soluble calcium S28 529 529 530 527 527
contents (g/100mL) L 138 137 135 135 136 136

DA Acetic acid, L: Lactic acid.

2 Molar ratio: mole of calcium / mole of organic acid.

¥ Recovery amount: Amount (g} of acid-treated cuttle bone
powder produced by utilization of 1,000 mL of 1 M organic
acid.
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Fig. 3. The price ratio of organic acid used for preparation of
constant amount of acid-treated cuttle bone powder.
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Table 2. Effect of reaction time and temperature on pH, reco-

very amount, total calcium, soluble calcium and white
index of acetic acid-treated cuttle bone powder*

fo ofN M

Recovery  Total

Soluble

Reaction c;mdk pH amount calcium calcium ngte
ons (@  (y100g (ppm) M

6 828 68.7 2742 46540  92.66

Reaction 12 733 164 2192 53,020 9422
time (hrs) 18 13 763 21.88 52920 9424
24 132 764 2194 52811 9426

20 730 76.2 21.94 53028 9421

Reaction 30 7133 764 2192 53020 9422
temp. (€) 40 742 715 2234 52884 9418
' 50 7.50 784 22.63 52767  94.12

60  7.58 804 2291 52931 9425

*The mole ratio of a calcium to mole of a acetic acid for pre-
paration of cuttle bone powder was 0.4.
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Fig. 4. Infared spectrophotometer of calcium acetate (upper)
and acetic acid-treated cuttle bone powder (lower).
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Fig. 5. XRD analyses of calcined calcium powder (upper) and
acetic acid-treated cuttle bone powder (lower).
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Fig. 6. Scanning electron micrographs of raw calcium powder, calcined calcium powder and acetic acid-treated cuttle

bone powder (ATC).
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Table 3. Effect of shaking time, shaking temperature and so-
lution pH on calcium solubility of acetic acid-treated
cuttle bone powder

. Calcium . Calcium Calcium
Shaking ) pitiry  Shaking - ipitity  PH OF  Clubility
time ( ) t . (ppm) solution (pom)

ppm pp pp

0hr 44,000 5C 53,560 20 52,880
1 hr 53,020 25T 53,830 3.0 53,990
2hr 53,830 37¢C 53,400 4.0 52,710
3hr 53,500 100t 53,700 5.0 52,790
4hr 53,200 120C 53,800 6.0 53,020
Shr 53,600 7.0 52,870

8.0 51,880

9.0 50,790

A e olz Bue AE B 714 ge 4 2

ZIE Table 49 2ok {71414 oAzt £29 2% 98
2 gstAe Do) H)3e wmrt AAE(L, FAE} Yol
on, AAAHLE wAdre F7htd AF 7FaAE FAo) A
AEAGT FEEAG F71AA e 3o £de Zadd
2 Y9488 24 HYE 23 4 0% AL AAPYUT, o) &
713X 2 e A acetyl groupd] EULE A R FAFE §
ZQl 2137 A= ZAHAY g AT JUea 77129
AF YEF 4225ppm9_i M B, 71e RI1Ey A
0.6~48.7 Wz o} F wimdsct,

Table 4. Hunter’s color value and mineral contents of acetic
acid-treated cuttle bone powder (ATC)

Calcium powders

Raw material ~ Calcined ATC

L 8447 88.03 94.62

Hunter's a 0.56 —1.42 —0.51
value b 5.32 5.19 205
White index 83.58 86.15 94.22

Calcium 23414 70,5184 219288
Phosphorus 27.6 81.9 30.6
Magnesium 58.6 1823 487

Minerals Manganese 05 1.6 0.6
{mg/100g) Iron 59 183 59
Zinc ND 18 26
Potassium 417 129.7 376

Sodium 583.0 1,8127 425

ND: Not determined.
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