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Characteristics and Preparation of Calcium Acetate from Butter Clam (Saxidomus
purpuratus) Shell Powder by Response Surface Methodology

Hyun Ji Leel, Nam Young _]ungz, Sung Hwan Parkl, Sang Mok Songl,
Sang In Kang®, Jin-Soo Kim® and Min Soo Heu'

!Department of Food and Nutrition, Institute of Marine Industry,
“Nutrition Education Major, Graduate School of Education, and SDepaerent of Seafood Science
and Technology, Institute of Marine Industry, Gyeongsang National University

ABSTRACT For effective utilization of butter clam shell as a natural calcium resource, the optimal conditions for
preparation of calcium acetate (BCCA) with high solubility were determined using response surface methodology (RSM).
The polynomial models developed by RSM for pH, solubility, and yield were highly effective in describing the relation-
ships between factors (P<0.05). Increased molar ratio of calcined powder (BCCP) from butter clam shell led to reduction
of solubility, yield, color values, and overall quality. Critical values of multiple response optimization to independent
variables were 2.70 M and 1.05 M for acetic acid and BCCP, respectively. The actual values (pH 7.04, 93.0% for
solubility and 267.5% for yield) under optimization conditions were similar to predicted values. White indices of BCCAs
were in the range of 89.7~93.3. Therefore, color value was improved by calcination and organic acid treatment.
Buffering capacity of BCCAs was strong at pH 4.88 to 4.92 upon addition of ~2 mL of 1 N HCI. Calcium content
and solubility of BCCAs were 20.7~22.8 g/100 g and 97.2~99.6%, respectively. The patterns of fourier transform
infrared spectrometer and X-ray diffractometer analyses from BCCA were identified as calcium acetate monohydrate,
and microstructure by field emission scanning electron microscope showed an irregular form.
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B A o) Ag-3 Z4Hacetic acid, CH3COOH M.W.=
60.05)< Junsei Chemical Co., Ltd.(Tokyo, Japan) A3,
ZAbZ 5 (calcium acetate monohydrate, Showa Chemi-
cals Inc., Tokyo, Japan, Ca(CH3COO):HO M.W.=176.18)
2 24 AkEE Tk A&l

JHZEIN DHZHEE S| ME

Aol ARRE AN S e AAA
Al A A8k ARESEATE. AN ZT S 2ol F-2E o] 3l
= o)EE AAE fs8te FAE L g5 ve, 1z
(HDG-330, Hyundai Enertec Co., Ltd., Hwaseong,
Korea)& AH&3to] 45°Cell A 26413t &<t =33t 7
ze x| HA-e HAFE ol &3t 13k #48kaL, 12k
FEHEZL 7] (HMF-1000A, Hanil Electric, Seoul,
Korea)® 22} #4& 3§ v, A|7H5(256 mesh)S 53t
Mz | ZHEH(SP, shell powder) S A %8} t) o] & &
4 AY 2 AxXE Y ARE ARSI

L by
2
4
24

I ZHESH(SP)2EE AMELO| M

Mz SPERE A4 EL(CP, calcined powder)2] A
2 120 mLe] S w7h] 40 g9 SPE YT F 800
“ColA 8AIM 24 Aeletglon, 78A MBS FaA

aE Ax 2 54 889

71248 M =MEE HXTE st SAEMAE

J 224 (BCCA, butter clam
calcium acetate)?] AFE HHSFHEAHRSM, re-
sponse surface methodology)& AF-&3Fo] &4 A=
S TFHstazl s & 4134 Al 8 (central composite
design)ell W& ZHHAF(X)E XA acetic acid, M.W.=
60.05)9] &5(1.29~2.70 M, X} 2F3}24(Ca0, MW .=
56.08)2] 5%(0.29~1.70 M, X2)& 5TAZ H-5 3}k v
(Table 1), factorial design, star point 2 central point2}
ol F 11709 AF = dAste] Azt = 11719
ATFR A2 A 220 ES 37X (Advantec No.2,
Toyo Roshi Kaishi Ltd., Tokyo, Japan)S AF&3fe] 7+t
o] 9} %] (WJ-15, circulating aspirator, Sibata Scientific
Technology Ltd., Tokyo, Japan)2 o] 33 o] s}l tfj 3]
105°Coll A 24 X7+ AZ7](SWOF-105, Daihan Scientific,
Seoul, Korea)Z AlA| BCCAsE A28t T3k S&H 4
(Yo & pH(YD, 831 %(Yy) B F&(Y3)=E 3l3lon, o5&
33] WHE =438te] 1 Haghs 37 Ao A&kt 3
FEA el o gk o 5 2 £91& MINITAB 2 & 13 (Minitab
version 14 Korean, Minitab Inc., State College, PA,
USA)E o] &3l3aL, syuae} S5 11 Jadie
Maple software(Maple software version 12 Korean,
Waterloo Maple Inc., Ontario, Canada)Z ©]-&3}it}. 3
AEA A3 A A (critical point)e] #H % (maximum) &=
= #24 (minimum)©] o A (saddle point)d 72 -F-
ol = %4 (ridge analysis) 3o A H & F3l3ich

pH, sl ¥ ==

7b Az Ze wel Alzs 94 BCCAs9 pHE pH
meter(744, Metrohm, Herisau, Switzerland)E& A}-&3}¢]
A5kl om, &8l x=(solubility, %)%= 2t 2311 94 BCCAs
of &l g & * E8A] JAME WF(105°C, 54
b3kl TS 48t o8 4 A THOENE FA
gk gho] MiEgR F313ith
Sample(g) — Residue(g)

Sample(g)

T&(yield, %) 7 27148 43 BCCAsol disl 7¢ted

Solubility (%)= <100

=
3} % oo A%}I(105°C, 5 Pol7) 7heA ¥
we) RAE SAY F, AR T MRER THAC.

Table 1. Experimental range and values of the independent variables in the central composite design for preparation of calcium

acetate from butter clam calcined powder

Range levels

Independent variable Symbol 141421 1 0 1 141421
Acetic acid (M) Xi 1.29 1.5 2 2.5 2.70
CaO (M) X 0.29 0.5 1.0 1.5 1.70
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Dried filtrate(g)

x
Sample(g) 100

Yield (%)=

MxHHunter's color value) 2 white index

AA BCCAs® Mat= W&(L, lightness), 4% (a,
redness; —a, greenness), 2% (b, brownness; ~b, blue—
ness)oll i3l A A AAFA(ZE-2000, Nippon Denshoku
Indusries Co., Tokyo, Japan)& AF&3Fe] S0,
XA = AHE-8E7] A calibration plate(L=96.92, a=-0.38,
b=0.64)% o &ale] WA, E WAEE e Ao
=98 Fahgt.

White index=100— v/(100— L)* +a’ +¥*

o] Z4sich AP ;
(20 mL)ell 1417131, 3,000 rpmel 1587 941 ¥2 &
F %10 mDl thE) 1 N HCIE 0.1 mL4 3 7hekaA
pHe] W3stE 433t

d B4 AJ8& 0.1 g9 BCCAsol 5 mLe] 6 N HCI
= 7hete] FAREE 23] vHEgk 5 0.1 N HClS AH&-&t
o] 10 mLE A&3tar A8t 48 A8 ICP(in-
ductively coupled plasma spectrophotometer, Optima
4300 DV, PerkinElmer, Inc., Waltham, MA, USA)Z A}-&
ated 223%1 kPa % 0.8 L/min®] Zz7lel|A &4 3k3dch.

3| = (calcium solubility, %)+ 20 mLe] 9]
<> 5 g9 AlF CaO, CA % 7§Z7) BCCAsE 7}st
of 2o 3AIZE o AFstHA St & e
(2,000%g, 15 min) & tha 849 ZALE A Z(105°C,
S5AIIhE FFE S48, olE 4 AR FEOENH
FAS ko] MEEZ T T

Sample (g)— Residue (g)

Sample (g)

i
iy
lo
- ofo

Calcium solubility (%)= %100

FT-IR, XRD ¥ O|MITZZ= 24

A Al BCCAQ +% #2418 FT-IR(Fourier transform
infrared spectrometer, Smart-APEX II Ultra, Buruker
Optics Inc., Billerica, MA, USA)& AH&3}e] 4,000~400
em™t el A ZA4egon], XRD 24 E412 30 mASt
40 kVe] =743} 2-Theta scale 10~90°(step size, 0.05;
step time, 2 s)oll A X-ray diffractometer(APEX 2 Ultra,
Bruker AXS, Inc., Billerica, MA, USA)E o] &-3}o] =43}
Ao}, ok ujM R B4 AlgE & F¥(gold coating)

e v 15 kV, 2,000 Hl&2 AAREY FARdAE

R A Ll A Ea i R e

v F(FESEM, Field Emission Scanning Electron Micro—
scope, Philps XL.-30S FEG, Eindhoven, Netherlands) 2
= s,

Za 8 E

SAE A=l 25t =AMEE HE
WS- AW FATAA S e} SHHEFE 24
FE(Xy, M) 9 28245 (CP) 5 =(Xo, MR 3ka, 11719]
g2 A sle] Al E(factorial design, 471 A& star

point, 471 A& central point, 37] A& 1S A %3 o}
S 54 pH, £ =% 2 &%) s Table 2
o vER AT

4719] factorial design 237 Run 1~4)¢] A5 4H
o & CP9 #7F Hl$°] %2 Run 3 A3l A pH(12.6),
23] =(25.4%), +5(151.9%)°] T+ 37019 A&+ (Run 1,
2 2 4)e) Hls] pH(4.0~11.3)E & v, &8 =(75.9~
78.2) X F8(254.5~279.1%)2 At = o]3tE wokt)
4719] star point 28T (Run 5~8)2] F$dll= oz
227} Bl &o] CP A7b&ol H3l 2 287 [Run 6 ¥
7ol & =(Zt2zF 84.6 2 55.9%)9 & (717t 280.5 H
279.4%)°] Run 59 8ell W&l 2 73S Lt} o] o]
2 3709] central point A ¥ = 53 code level =
AzE 232 pHe 5.4 F, S =+
gom, 88 274.8~279.5%% T}

Cho 5(16) ¥ Kim 5(32) #2
Sl =7k Wi, pHE 12.9 F-2o & d7he]Ao]ofA
2 o]g3&}lr]ol = Aol Wol f7]4HE
&3 pHE RFAA 7HAAS Jidd
Zato 7 A3k Aol Aato g A3k Ao nlste] FA
o] 5 A7) golsttta B aEtgith Kok No(33)E €
=4 g4, 248 9 {U)A Ao & ert 27

¢

o

Table 2. Central composite design and responses of dependent
variables for preparation of calcium acetate from butter clam
calcined powder to independent variables

Coded levels

Run of variable Response
no. X X, Y, Y> Y;
Acetic acid CaO pH  Solubility (%) Yield (%)

1 -1 -1 4.87 75.89 278.21
2 1 -1 3.97 76.61 279.11
3 -1 1 12.55 25.36 151.90
4 1 1 11.23 78.21 254.52
5 -1.414 0 11.46 43.21 197.68
6 1.414 0 5.69 84.55 280.54
7 0 -1.414 3.40 55.94 279.38
8 0 1414  12.87 39.84 174.53
9 0 0 5.43 82.77 274.82
10 0 0 5.42 81.96 277.59
11 0 0 5.43 82.59 279.46
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Table 3. Optimal conditions of multiple responses for preparation of calcium acetate from butter clam calcined powder using MINITAB

program
Dependent variables Inj;gzgﬁ: esnt Code dCritical valu;nco ded Predicted value
o 8 o
Y: Solubility (%) Q (1)(1)431?; Tg% 89.50
Ys Yield (%) i; _8:2822 (2):(6)8 292.37
Multiple response optimization i; (1)41‘(1)38 ?(7)(5) z; ;8020
Ys: 281.66

0.58%, 3.43% 2 97.7%2}1L 3tlom, 24 Ag 2 F7]
b A2 4SSl oF 6ul 2 168u1 7] Sl =r) Al
H ATk stk f71ak A vt A=A A ol 85
S =Y F dgz7) A
Kang 5340 mut gzt 28 T2 RE A %3 F7)4k
A w2 {714 B 8] 373~393%F L R
o] vl gl wpe} thae] 2}
eFErhal Baslglit
?L—‘é—ow H 7] 5= A0t
o= o]g3l7] YA E 771
]1:1:1 7]_3_/H 7HH
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Az CPeh 224 e 5e] AD3HE 93 pil, S
2 $=59] A3 (Table 2)°l thsle] MINITAB software®
RSREG(response surface analysis by least-squares
% 123 (linear; X, Xg), ©]x+3
(quadratic; Xi%, X, 2 i’i}f@}(cross—product; X1 X9) T
22 Ao Al ol 59 o4& 5% oA
Frej el OWQOKHI(’]H v AAD, ol & Aeste] 3%
pH(YD), &3 = (Ys) B F&(Yo)ol g whg 13 g2
247} 5.4267-1.2975X,+ 3.5416Xo+ 1.5242X,%+ 1.3042X.%,
82.440+ 14.004X:-8.962X5-7.247X1~15.242X,°+ 13.03
3X1 Xy 9 277.29+ 27.59X,-37.40X5-17.11X,°-23.19X,*+
25.43X:X20) 1t}

3N FERHS(Yn)oll ojgh wk
g+ pH(YDell EHO}Oi—“— 0.930, %HE(Yz)Oﬂ gk A
o] 49 0.901 183 FE&(Yy)el 2 =]
Lol 7p7k9] A ger el O] 2} 31 JPG 59
g 0.01 olatz2 frolAdol OWElO*U‘r

M7 CPREEE 2AM445 A%
3 F4W50l pH, S, ol tIF Mg B4 o)
A7 ZHE MINITAB 57 Z2181e 153}
MEE SA6) AHstets By 2103 of

FEE S5EUFEY d5AE

regression) S A A| 3k

B

p
N

pH(YDel st Z4bs
Zk(code value)®] A%

=X CPEEX)9 Eiﬁ}%
O 6714, 0.0042%} SIE=
A A F(uncoded value) .2 3H2+slA Z+Hz}E 1.66 M, 1.00
Mol Rt o] 27 A F3$ BCCAL] pHE 7.000.2 o
=59tk &8 =(solubility, Yo)oll thdh Zabs=(X)) 2
FTEXY FEste g2 27 1.0393 2 0.1417°]1%%
Iz, ole] AA ke 252 M 2 1.07 M|t} o] 7ol A2
|3 == 89.50%= dSEH AT FE(vield, Yool theh =
s = (XD CPE =X F-askd 3k 242 0.00007%
-0.8064% 31, o] & AA gtoz FsksiH 742 2.00 M E
0.60 Mo]At}. o] 7MY &2 292.4% = S5
t}. g BCCAS pH, &3l% 2 +&& BF 58 +
A HY 2 EEX)Y CPeEXee Fa3td 7kl 4
- 7b7} 1.4140, 0.10800]31, o1& A4 go = gatsha
77y 270 M# 1.05 Mol o] & HAx0& 48319
BCCAE Alx3 vt pH, §3l% 2 &S 53 27
(Table 4)+= Z+7 pH 7.04, 93.00%, 267.47%= o]|E2
d=x]¢l pH 7.02, £33 %= 88.60%, 55 281.66%°] W]

o 5% ool LAWAE et

72}

_(

i

L

)

MXHHunter's color value) & white index
FAFAAG whg}t Az 11719 AlA] BCCAse] A
Zroll gt AxE Al CA A5 ¥]aLste] Table 500 YE}
itk ©1A4 HEE Vel Lake] 49 1170 A1A| BCCAs
9] L3k 90.4~93.7 W92 A3 CA9] L#k(90.9)3 A1)

St Al CAS] AA%= 1.84%1 WHA, 11711¢] AJA] BCCAs
o] 9= CP #7M&°] %2 Run 5(-1.75)9F 8(-0.10)&

Table 4. Experimental and predicted results of verification in
preparation of calcium acetate from butter clam calcined pow-
der under optimized conditions

Dependent variables  Predicted values Experimental
values

Y: pH 7.02 7.04

Y Solubility (%) 88.60 93.00

Y; Yield (%) 281.66 267.47

Experimental values are mean of three determination.
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Table 5. Hunter's color values and white index of calcium ace-
tate from butter clam calcined powder

Run White
No. L a b index
1 91.84+0.01 0.29+0.01 4.67+0.01 90.59
2 91.52+0.02 0.29+0.02 3.37+0.02 90.87
3 92.78+0.21 1.07+0.01 0.71+0.01 92.66
4 92.33+0.01 0.54+0.01 2.68+0.00 91.86
5 93.72+0.02 -1.75+0.02 1.46+0.01 93.32
6 91.25+0.01 2.25+0.01 2.94+0.01 90.49
7 91.72+0.01 0.72+0.01 3.234+0.01 91.08
8 93.56+0.01 -0.14+0.01 2.79+0.00 92.98
9 92.14+0.02 1.12+1.15 4.73+0.01 90.76
10 90.44+0.02 1.77+0.01 4.52+0.01 89.28
11 91.23+0.01 1.25+£0.01 5.25+0.01 89.70
CA 90.92+0.01 1.84+0.01 3.26+0.01 90.18

Values are mean+SD of three determination.
CA: commercial calcium acetate.

A e13 Y= 97 AlAl BCCAsoll A 0.29~2.25 ¢ %t}
ZA % (b, brownness; -b, blueness)e] 4% 117014 AJA
BCCAs&= ilH o2 CPe] #7H£¢] %2 Run 3, 5, 89
Q*“Eﬂ 747 0.71, 1.46 2 2.79=2 A3 CA(3.26)°] H]3k
FAE Bl whd U A 871¢] AlA| BCCAse] 2
*ﬁﬂEL 2.68~5.259] WelZ Al CAol H|3}o U4 2
Aol Aot Al AFTe] Aol AA] felo g s
7] o g} o] el MAp FtoRHE AFES 1170 AlAl
BCCAs®] ® A % (white index)¥ 89.7~93.3 mﬁ”li Al
CA90.2)el Hlate] FAlAY 2388 tha #2 ghs UEr
Wit
Kim 5(15)= 7Fetgo] w e W =7} 86.5(600°C, 44]
Zh) = 91.2(800°C, 40)2ka sle] 24 A %o
S wethar 8k e, Cho 5(17)& e ol 3 2o )
AE7E83.601 01, A4 A= (800°C, 2A17H) = 86.2
2 v A7 A Hvka shlvh Kot No(35)= Ef
2% A 2488 Late]l 24 &5 HA A7l A
97.3~97.5 BHAR oM, agta -0.30~-0.34, 1231 b#k2
0.63~0.98% UeRo] MAAL] L, a 2 b 7S o] &3
W HA 2RANTE dST = vk Rty ge A
i 2R MAEE S 34(32)” szt gk
9 83.6, 2AEDL 86.2, 2ALGE 94.2¢k1 3%
= Hol 24 A ex
2 714 Aol ofs) WA= s AR YEFTH

_&

O

oﬁ_%mrl

ool Axsh AT w50l

2t

—

L Ol

s ol

CaO ¥ CA9} A& wa} Ax=3k 1170
Al A BCCAs®] €+%< Fig. 1o UEATH A3 CA &
N(5%, w/v)e] pHE 7.95% 29, 1178 A4 BCCAs &
(0.5%, w/v)e] pH¥E ZAbFE%/CP #H7ib|&e ule} pH
6.60~9.47 MY AT} ol & ZAabsEo] Hlste] CPe] 7]

T
R pui 1=
fo] Ao £ &% pHE oA Aol o5

——Ca0

0.0 3.0 6.0

1 N HCI (mL)

9.0

Fig. 1. Buffering capacity of calcium acetate from butter clam
calcined powder.

L

q}o}oq 1 N HCIZ 0.1 mL 9912 73w A
2 ZE3S Al¥ CA 2 117] A1#] BCCAs®] ¢+
1 mL9] 7l A pH 6.16~6.37 9 E YeERRI S
, 2.0 mLQ] A7kl & pH 4.88~4.92 WY = ¢vkek pH
= JehQ oL oA oA 952 JER Qo)
8 mLe A7l A= pH 3.72~3.81 HY = YEN ]

o] FAEE A el = AUk Al CAS 1170
14l BCCAstE 9]%-9] pH ¥3}ol] $h550] 1A H o] 7
et zZA gdstA &8 7 AR AR E A

k=)
-
o
[*E 12
_\‘01_,

rlo

O ooy H oof

w of o P
off

n1>32 e

40
i

HII

Al ﬂ BCCAS 9 Al CA9 7713 2 Table 63 2

WA 24Ca)e FHE FA0R A AR, T4
#7480 we Aze 1170 A4 BCCAse] 24

20,671.8~22,769.2 mg/100 g& & Al CA(22,821.9 mg/
100 )9} W58 el ek, ZFKS) e A% CA
749- 148.1 mg/100 goller, 117019 AlAl BCCAse
22.8~106.8 mg/100 g & Z4bsw=e} /ME7 CP H 7t
w00 Wk 28 el AbolE ehiiglth, ol 2
o dish AehA o Az CPel Arkae] we A9 ¥

o

Table 6. Minerals content of calcium acetate from butter clam

calcined powder (mg/100 g)
i%n Ca K Mg Na
1 21,930.6+89.2 56.8£0.6  20.6+0.2 325.2+1.7
2 21,974.6£122.5 81.6x1.4 53.2+0.4 328.7£2.6
3 22,066.3£124.1 35.8+0.4 0.0£0.0  409.3+4.5
4 22,769.2+£120.1  66.9+1.6  50.1£0.6 375.9+5.0
5 22275.0+1823 106.8+1.0  20.9+0.3 424.3+5.8
6  21,570.3+130.9 101.1+0.7  37.3+0.1 309.1+2.0
7 20,671.8428.5 23.4+0.8 18.6+£0.1  243.7+0.9
8  21,839.6+217.0 44.2+04 43+£0.0 389.5+1.2
9 21,724.8+134.1 22.8+1.3 19.6+0.2 244.8+£2.5
10 21,547.5+189.0  43.9+0.8  23.4+0.2 246.2+2.9
11 21,472.5450.0 48.3+1.7 274403 237.7£3.5
CA 22,821.9+57.4  148.1+1.9 148.9+0.8 470.8+0.9

Values are meantSD of three determination.
CA: commercial calcium acetate.
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T 1o oo mpE apolgt FHFYch vkl (M)
shake A3 CAQl 7 148.9 mg/100 golv, 11701 AlA)
BCCAs¥ 0.0~53.2 mg/100 go.& A% CAKT} W& np1
v 538 B3t YEENa) g3 49 A4 BCCAs
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894 ol@A - e - A

Calcium Acetate Monohydrate

EE d

B 4

Lin (Caunts)

Calcium Acetate Monohydrate

B & 3

Lin (Caunts)

= ¢ ¥ E & B % B E B E 3

L, T

2-Theta - Scale

Fig. 4. XRD analyses of commercial calcium acetate (A) and
butter clam calcium acetate (B).

Fig. 5. Scanning electron micrograph (<2,000) of commercial
calcium acetate (A) and butter clam calcium acetate (B).
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