Original Article

Korean J Fish Aquat Sci 49(4),436-444,2016

KFAS #a+ e
Korean Journal of Fisheries and Aquatic Sciences

3H4= 2] 49(4), 436-444, 2016

HIX|2HRuditapes philippinarum) T{Zt AMELUZ H|ZESt
HAZEO| EY

OIF2 - 2214 - O[RX| - O|FAY - T - 5Tl

Properties of Calcium Lactate Prepared from Calcined Littleneck Clam
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Clamshells, which comprise more than 50% of a clam’s weight, are a major byproduct of the clam industry and are
mainly composed of insoluble calcium carbonate. This study investigates the use of clamshells as a natural calcium
resource. Highly soluble powdered calcium lactate (LCCL) was prepared from the calcined powdered shells of little-
neck clams (LCCP) using response surface methodology (RSM) to predict optimum conditions. These conditions, as
derived from pH, solubility, and yield of 11 LCCLs manufactured according to the RSM model, were 1.80 M lactic
acid and 1.13 M LCCP. The actual values of pH (6.98), solubility (93.99%), and yield (351.23%) under the optimized
conditions were as predicted. The derived LCCL exhibited a strong buffering capacity in the range of pH 2.78-3.90
when combined with less than 2 mL of 1 N HCI. The ranges of calcium content and solubility of LCCL were 7.7-17.5
2/100 g and 96.6-98.9%, respectively. Fourier transform infrared spectroscopy (FT-IR) of the LCCL identified it as
calcium lactate pentahydrate, and field emission scanning electron microscopy (FESEM) revealed an irregular and
rod-like microstructure. These results confirm the potential use of clamshells, converted to highly soluble organic
acid calcium, as an additive to enhance calcium content in food ingredients.
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N =2 Q5= 5 dFo] wid Z718ka th(Ministry of Ocean
and Fisheries, 2015).

FARE 2] STt whet 7k W 2] Fofl TRt Al
So| WAISHRL g, B3] H52] 49, 201440] 419,000
HE A i eo], §8.2 A AT HelAl e sk 4

v}z 2(Littleneck clam, Ruditapes philippinarum)-2- B 3H=
(Veneroida), W FH(Veneridae)ol| 45511, 1 B3z = $H=1}
2, Fmnk ofUje) A9, vl AN A Tk A

Ashal 9= Ao 2 A glth(Anderson, 1982). -F-2|uet
oA 2, 0 T2 2 AL 9 A7) e s A, v et
AYAEES 19909 74,581 55 A o= A} 74k o], 20131
ol 18,145 0.2 F43] 14 sl 32U, o7 A4 Lol wiA]
g Z2=0lek2 20004 2,092F-2 A|ZFo 2 20144 35,621 &S

AFe9] 50%4 =21 917F209,500E A = HHAsk= A 02 24
Hth(Ministry of Ocean and Fisheries, 2015). X 27}A] | 22
Bl B2 7R, AFE A 7HAI(Seco et al., 2014; Oliveira
etal, 2013), #4743}, 424 SHKwon et al., 2009) 5 g5
Hopof| A =gt o & o] §E QiTt.
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B FollA Hit B e nlRk A3 ARe] BlEo] 60%0]4 ©]
¢lth(Korea Health Statistics, 2014). Zr A F= A122 E35}
= Aol 7H vre 2 sh(Miller et al., 2001), 452 S8l S&
et AF7 ol 9ol Adw HSAl R 2 A7) o) &
= 4= Qle}. F mgh Sk, 18, A S 5 v A
of gt 2] ofao] ZEE A F71 AR A Ei 177
TAES ARt ookt 8 o A e AR ST FsE AL
9JtHChang, 2003).

AR L-eutete] AFHTFEE A A 8L Y= TEAd
3HE S E o2 A A, L2 M| =ik, 25
24t Zb, AlU(el, 4h) AR, Zakds Fol it 53] 4
Ao FEA9 484 (Maekawa et al.,, 1991)2.2 AW
(Ranhotra et al., 1997), 5f-(Prabharaksa et al., 1989), 2. %]
F+2~(Sharma et al., 2001), -2 E(Pirkul et al., 1997) ¥ Z+
& 23 A(Lee et al., 1988)=4 A]-0Jof 41¢] Bl thofjl 52t
21 AYAEEoE 23] ZEA|(Wang et al., 1999)2A4] &

ool = ARGE|AL Qlrh 3 A4k Ve o R Bt
ZF-2-(Shelef, 1994), T4 = <7 (Mizunuma et al., 1996), &=
Z]-5(Shrestha et al., 1982), &4Fe}F =2 (Reshef et al., 1990,
Wargovich et al., 1990)2 2] AR 5-0] BALE A,

| zFo] A E 0 2 A 5879 eibdE(CaCO,) % o] 2] 4
AT AFEE(Ca0) {714k §Eg-8Fo] AHdofl A L &
&7t sobdl #at ofyef, S48 E3t 7i Al o] E th(Gurthrie,
1971; Park et al., 2015; Yoon et al., 2016). G-7|AF Sof| A &
AR AE, A B 2 A oF Ak el A8 758k (Xu and
Xu, 2014), 7H- 2 &0 WA E 74 ZEe Axshe
o o]-§-0] 7ks sttt o] & o] &3t AA o Al2e U =
9] ZAkg-olo) Bl = ARG 7R F vESAl7)
H LA A o] 54=31¢(calcium lactate pentahydrated salt)©]
A E th(Lee and Kim, 2003). 9FA1 2] A54(Kim et al., 2015)
oA szt 9 A B o] B4, e vk AR S B
7] ZA(Lee et al., 2015; Park et al., 2015)9] A% U &
/dol| tisto] K gk up gict.

2 Aol A= B i 2bS R 7L =2 AEAE S
-gtaral, AFA A 02 {851 AR El= 714kl A4k
o] &3t 7S =l A S-S ety o g Az ¢
= 34 24 TRSEHEA S o]&8te] HES|L, ]9

7ol sl ek H b

=
)
=~

I 2 dlo U

Mz H U

-

HEXIZf jZHE(shell powder, SP) ¥ ANEY
(calcined powder, CP)9| M=

HEx] 2h(littleneck clam, LC)SP % CP+= Kim et al. (2015)2]

At
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W of| whet Az skiet. WA vEx|el g zho]| FabE o] 54 A
AE gt A 9 ARA5T, 2647 S AX ok, o1&
22 (HMF-1000A, Hanil Electric, Seoul, Korea) %! A|7}&
(256 mesh)2 F5ko] HZHEH(SP)S AlZ5}k3ITh CP= SP(
-2 E 800 T of| 4] 8AITE F<t 2]3t= (FH-08, Wisetherm
digital muffle furnace, Daihan Scientific Co. Ltd, Seoul, Ko-
rea)of| A 24 A 2fsko] Al 2sk3ict

SHEdA e Jied i Hitdes Hx

Hix|2t CP2HE 7184 AAkd<(littleneck clam calcium
lactate, LCCL)2] A=+ Yoon et al. (2016)2] 7§27l RAREDE
& Al2E flel AT 218 2-8-5to] HeHEAR(RSM,
response surface methodology )& S8f| 2|2 AlzzxHS F+
Wl A} sk &, 4183 Al (central composite design)
of mhe EHa(X ) HALe] FE(X,)oh HIAIE CP (CaO,
M.W.=56.08)9] F=(X)E SHA = F 235t th5(Table 1),
factorial design (47}), star point (47]) ¥ central point (37H)
2 AR 11719 ARt A sto] A 2513t Table 19] =
Ao) whz A2 11719] WA} BAIE-L 21T (WI-
15, circulating aspirator, Sibata Scientific Technology Ltd.,
Tokyo, Japan)?} o725 o] &8 EwES AlAskaL, o] of
TS A=x7])(SWOF-105, Daihan Scientific, Seoul, Korea)
2 105TollA 24417 &<t Ax3to] AJA] 2 LCCLsE A%
ShoATh EaF F4SY, 1 pH (Y,), SHE(Y,)H S&(Y))
2 31508, 0|2 33] Uk 25kl 1 BWaghe BTEA
AFgBteTh. SR ofgt o2 U Sel& MINITAB 22
Z134(Minitab version 14 Korean, Minitab Inc., State College,
PA, USA)Z, S8Rt 504719 A= Maple =
Z I3 (Maple software version 12 Korean, Waterloo Maple
Inc., Ontario, Canada)2- ©|-8-3}31t}.

Table 1. Experimental range and values of the independent vari-
ables in the central composite design for preparation of calcium
lactate from littleneck clam Ruditapes philippinarum calcined
powder

Range levels
1414 -1 0 +1  +1.414
Lacticacid (M) X, 086 1.00 1.33 167 1.80
CaO (M) X 029 050 1.00 150 1.70

Independent
variable

Symbol

2

pH, 8di= X +&

Table 16]) A|A|2} 2} 9hg 2700 whet A2t 117 AL
pH= pH meter (744, Metrohm, Herisau, Switzerland)S A}-8-
slo] 243t om, 3= (solubility, %)= 7t AT Y
o} 3 7, B4 HALE AR(105T, SATHFte] E =
atol, the] Aom 39,
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o7 - 2

Solubility (%) = (Sample, g - Residue, g) / Sample, g X 100

S=&(Yield, %)& 7t 248 AW TS 7Tolvt 3, ojzfole
A23}4(105C, 5A%D) Lol 7HeA] Bike] $A4S 243
=, A7 S wEg Tahech

Yield (%) = (Dried filtrates, g / Sample, g) < 100

MXHHunter's color value) 2 White index

AJA] LCCLs®] M A= (L, lightness), 241 = (a, redness;
-a, greenness), 24 = (b, brownness; -b, blueness)ol| tisf 2|
AR ZHA (ZE-2000, Nippon Denshoku Indusries Co., Tokyo,
JapanyE ARg-Ste] S5FG1om, ARE- A calibration plate
(L=96.92, a=-0.38, b=0.64)Z 0|85} B A5} c}. =3} 9l A
L= the Ao 2 R7E Al

White index =100 - 4/ (100 - LY + & + P

et

=L
Yo Ye)

52 Cho et al. (2001a)2] - tfar =431 Lee et al.
(2015)9] el whet Z7sk3ich 20 mLO| Hol-2<pof 1 g9
LCCLsE 8314171, 2,000 gofl 1527+ Yl2elet &, 43
(10 mL)oll T3l 1 N HCIZ- 0.1 mL* H7}shHA] pHe| W
3= skl
FI1H &N

5mL%] 6 N HCIo]| 0.1 g¢] LCCLsS 7}8}0] HA1Ea1S 2
3] W23t 3 0.1 N HCIS AM8-310] 10 mLE 483}, ICP

- o|FA| -

(inductively coupled plasma spectrophotometer, Optima 4300
DV, PerkinElmer, Inc., Waltham, MA, USA)Z E435}3it}.
e Sl

ZH45:9] 8-3)| %= (calcium solubility, %)+= Lee et al. (2015)2]
wlo] njer, 20 mL o] gol 2420 217} 5 go] A% CaO B v
|2} LOCLsE 7}5to] ARl 4 3475 Qe A Safat
T, AA1E2)(2,000 g 15 min) T the, B840 S A%
(105°C, 5A17h3te] Z52 Z5tol, tho] 40= Faheet.

Calcium solubility, % =
(Sample, g - Residue, g) / Sample, g x 100

FT-IR, OlM7ZE 24

AJA] LCCL2] -2 E-41-2(Yoon et al., 2016) FT-IR (Fou-
rier transform infrared spectrometer, Smart-APEX II Ultra,
Buruker Optics Inc., Billerica, MA, USA)2 A8-51] 4,000-
400 e oA SAsHG o, nAlF2Y] BAS AR
= 38)(gold coating) #] 2|3t th, 15 KV, 2,0008] B &2 A
A% AR $u| 7 (FESEM, Field Emission Scanning
Electron Microscope, Philps XL-30S FEG, Eindhoven, Neth-
erlands) o &2 HA5}1¢Ic)

Table 2= ¥Hg- SR A Y 2] FATAA ol wheh Eus:
= [=2S

£ =X, M) 2ukRE CP 5 %(X,, M)& staL, 1171
o] Ag e AAste] 212+9] A E(factorial design, 471; star

Table 2. Central composite design and responses of dependent variables for preparation of calcium lactate from littleneck clam Ruditapes

philippinarum calcined powder to independent variables

Run Coded levels of variable Response Coefficients
no. X Lactic acid (M) X, CaO (M) Y, pH Y, Solubility (%) Y, Yield (%) Assessed by
1 -1 (1.00) -1(0.50) 4.03 97.86 396.07
3 -1(1.00) 1(1.50) 11.45 31.85 166.96 (4 points)
4 1(1.67) 1(1.50) 11.10 73.21 260.06
5 -1.414 (0.86) 0 (1.00) 11.43 50.18 213.04
6 1.414 (1.80) 0 (1.00) 4.84 98.30 417.68 Star points
7 0(1.33) -1.414 (0.29) 2.99 92.19 869.69 (4 points)
8 0(1.33) 1.414 (1.70) 11.35 40.26 193.32
9 0(1.33) 0 (1.00) 11.08 7455 302.14
Central points
10 0(1.33) 0 (1.00) 11.14 83.48 338.39 (3 points)
11 0(1.33) 0 (1.00) 11.11 82.23 332.41
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point, 47l; central point, 37})E A 23t T}, S 4=2l pH,
ol =(%) B E(%)oll thet Axto]ch. 470 9] factorial design
A%+ (code 1-4)9] 73, CP2] 7HH]&0] &2 code 3 pH
1145, 83]== 31.85% 1831 & 166.96%= CPH 7]
£0] W2 o 3719] A (Code 1, 2 % 4)°] vlsf Fi=
(73.21-97.86%) & 4>£-260.06-714.11)0] F A 3] W3t} Star
point A1 (code 5-8)°] A$olltz, 2AE o] CPH7}
]gof ] -2 A ET(code 6 L 7)9] SHE(2H2} 9830 2
92.19%)2} (22 417.68 Y 869.69%)2 code 52} 8] H]
off 32 73S LHERTE. o]o] Al 371€] central point A ¥+
% =3} code level £ A 2% AutEA] pH= 11.11 F,
S E L 74.55-83.48% W9 o0, 2282 302.14-338.39%
SEES

Lee et al. (2015)2 7j27 A EE 2R E HH-S-EHEAH
S o] g5fo] Atz 2 AW 1171 AJA| 2APE59] S8l
L 25.36-84.55% W 9letal stglom, vpx|e o] Z-(Park et
al.,, 2015), 46.61-99.46% W 9|2 5 A| 22 A vix| o]
27N ol vlste] Gal et & kol ek E3t, =79 2
AbzH(Yoon et al., 2016)2] £-3) = 23.10-97.68%2] M=
A, 2 A% 0] upx] ek AA(31.85-98.30%)0] Tha =2 7
= e len, of4ko] Haret A Anol| A ZAte] Blst
o 24t 2 A3t {714 Ao STt S B HA
o}, ghE, Bt AEEY, 24T 2 2iso] &eli=rt
0.58%, 3.43% L 97. 7%=, A48 W AAAE] A4S &
3l oF 68l & 1681]7FE2] 83l =7} 7} 41§12 1 (Ko and No,
2002a), Cho et al. (2001b)2> F-714F A 2|7} ZHEA| 2 A 2] A
Y 0] 855 = 4= 9ltkal 319ich Kang et al. (2005)-S #a}
2t S EEERE A23 240 a2 373-393%¢)
AL shylon, 2iks o el s 7k 4] R o) Hlgof uhE 2
Aol 5 et A= db=thal Barskiint. o)) A3 Aot
AR AFEolA H7| 5= e o2 5 E U o o
&3t7] AlsliA= 7= AAE sl 24439 2ol dast
I, B84 s U ek o] 7R TS flsiA e
A 714 A2l 2249 HA e 2 ad Ao w wetE i

171 Aedt9] AlAl LCCLs®| pH, g8f= 9 &2 At
(Table 2)°]| tj3}o] MINITAB softwareZ RSREG (response
surface analysis by least-squares regression)S A A g & 12}
(linear; X, X), ©|2F3}(quadratic; X 2, X.?) B! w2}5}(cross-
product; X X7} -8 517]4 41| 2 A5 0] )48 5%

FE(P<0.05)001 A 2]t A 0. &2 gRel=]of(to]E] u]A|A]), o]
£ Aelsteo] 2498 pH, o= 9 gof g vk W
A]& Table 33} e}, pH (Y), &3l=(Y,) % (Y9 &
LY ol gt Bhg- kg4l o] A A 4== 2+ 0.862,
0.922 2 0.938 2 A] B 19 771¢] A gket o] efar Ttk
ATHP<0.01). gHH, Bh-gm o] A3Hy o .5 Yehf= A3
Ao 75 (lack of fit test)2] P-value+=0.001-0.006 H | 2 A A
-2 ZofH A o= Yy o, 1942 /I (P<0.05) 2
2A] pH, 83l W o] gt vy WAl $HstA|
£ AT, A st Ao 2 gheE Qlrk(d o] ulAA)).

vpx| e CPRYEH Aibds Az HH20E 7] $ist
< W9l pH, 838, g0l dish vhS- mE wgale] A
H(Table 3)23€] MINITAB £7 Z213-& J-E5l0] o] 5
FTEHFE A HATeE SYRs 273 o9 29
A E = FEHFE0] of| 222 Table 4] UER| It} oA
pH7}7.002 5=3h= pH (Y ))oll thet 24ke] w2 (X))2F CP
FE(X)9] Fo31E Fh(coded value)®] 739~ 72t 0.88342F
—-0.40750]%1 21, o] & AA| ZH(uncoded value) o & 3HASIH
Z¥7} 1.63 M2} 0.80 M ©] @]t} 8-3l| = (solubility, Y2)°ﬂ ot A
Aol FE(X))2 CPEE(X,) o] 5 3hE gh2 247+ —0.12302
-1.06370]21 2, 0] 2] AA| 7k 1.29 M} 0.47 M| ]t} o] &=
Ao A o &3l = 95.00%0] ATt el =&0] 350%Y
o] =& (yield, Y,)oll thgt Z4te] 5= (X2} CPEE(X,)2]
SobE 3] A9 7H2F 1126134 0.22160] 9101, o] & AA| 4t
o2 ke 2+ 1.71 M 2 1.11 Mo| itk §HH, LCCLE]
pH, &3ll= 4 &5 BF S55ts XA 24k s (X)2
CPEE(X,)2719] BEdhe ghe zz) 1.41423} 0.26330]%)
1L, o] AA gro 2 ghikshH 247} 1.80 Mt 1.13 Mo gl

olF A x71& H&3sto] LCCLE Alx3ste] pH, 83f
=, 588 243 Avk(Table 5)= 72} pH 6.98, 93.99% 2
351.23%%2, 0|59 d=X]<Ql pH 7.00, £3l%= 97.80%, 45
338.56%¢°1 H]3fl 4.1% o]Hj 2] LA QIS Urehf $let. o2 A
AAE BhEH HEe vpx]et sz o] 83t Aabd
AzE 3t 22 o] mddo|a} TehE| Qi)
MIKHunter's color value) 2 white index

117§2] AJA| BRA]2} LCCLs9] Ax}of| tfgt A7H= Table 6
of Jepfict WA PEE Y= Lk FAHCE Ary
™, A|A] LCCLsS] LE-2- 87.46-92.17 ¥ $jo] gl o, BAR 4

o

Table 3. Response surface model for preparation of calcium lactate from littleneck clam Ruditapes philippinarum calcined powder

Response Quadratic polynomial model R? P-value
Y, 11.1100-1.3075X,+3.3879X,-1.5369X 2-2.0194X 2 0.862 0.006
Y, 80.087+13.586X,-20.423X,+10.520X X, 0.922 0.002
Y 324.31+87.57X.-204.96X,+93.81X 2 0.938 0.001

3

Y, =pH, Y,= solubility (%), Y,= yield (%)
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Table 4. Optimal conditions of multiple responses for preparation of calcium lactate from littleneck clam Ruditapes philippinarum calcined

powder using MINITAB program

Dependent Independent Critical value Predicted value
variables variables Coded Uncoded
v X, 0.8834 1.63
1 7.00
pH X, -0.4075 0.80
Y, X, -0.1230 1.29 95.00
Solubility(%) X, -1.0637 0.47 '
Y, X, 1.1261 1.71 350.00
Yield(%) X, 0.2216 1.1 '
Y, :6.98
Mutiple response X, 14142 80 Y1 :93.99
optimization 2+ 99
p X, 0.2633 1.13 Y,:351.23

Table 5. Experimental and predicted results of verification in prep-
aration of calcium lactate from littleneck clam Ruditapes philip-
pinarum calcined powder under optimized conditions

Dependent Predicted Experimental
variables values values
Y, pH 6.98 7.00£0.00
Y, Solubility, (%) 93.99 97.80+0.22
Y, Yield, (%) 351.23 338.56+7.88

Experimental values are mean of three determinations.

Table 6. Hunter's color values and white index of calcium lactate
prepared from littleneck clam Ruditapes philippinarum calcined
powder

Code L a b white
LCSP 7552001  153:001  7.22¢0.01 7155
LCCP 79201001 017001  6.05:0.01  78.42
1 87462002 060:002 897+0.01° 8457
2 92170020 -0.88:003" 5211001 9055
3 892240.04' -0.35:0.01% 286:0.01 88.84
4 8889:0.02" 218:001° 2724001 88.36
5 8040002 124:0.01° 196001 89.15
6  9072:0.01° -275:0.02 10.88:0.01° 85.44
7 89.71:0.01° 267+0.01°  558+0.05° 87.99
8 89.61:0.02 081001  3.11:000° 89.12
9 8850003 0610011 2.82+0.00° 88.14
10 88.93:0.020 132:001°  238+001 88.60
11 88.09:002 062001  255:001 87.81

Date were quoted for our previous paper (Kim et al., 2015). LCSP,
Littleneck clam shell powder. LCCP, Littleneck clam calcined
powder. Values represent the mean+SD of n=3. Means with differ-
ent letters within the sample column are significantly different at
P<0.05 by Duncan's multiple range tests.

AzE 93 F A E 2 LCSP (75.52)2F LCCP (79.29)°] H] 3l
WA= ATh(Kim et al., 2015). AN =5 el = aghe] 49,
code 2 (-0.88), code 3 (-0.35) ¥ code 6 (-2.75)= 2(-)2] 4t
O 7 vepd 9HH, U 2] A g A= o) 9] 4k UrEbd 0.2 4]
CP7H| &< Hlaf A& o2 Aol 7] Eo] =& Zlo]
71918 A . 2 HE] Qi ZH & (b, brownness; -b, blueness)
9] 7%, AlA| LCCLs CP=of thste] a0 g Ails
To] H7pu|go] &2 code 1, 62| -9, LCSP (7.22)¢+ LCCP
(6.05)°]] Bl5te] 2 A5 B3l ¥ code 1, 62 A|9|3t L}
HZ] 97§ AJA| LCCLsS] 2 == 2.0-5.22] H 2 LCSPL}
LCCPe] Blste] 74l o] = 3ict.

T ZHEZH(LCSP) 9 223 HH(LCCP) o] WA &= = 717} 71.55
21 78 42091 01}, A4 LCCLs®] WA == 84.57-90.55 # 9|
2, 24A2] W {714 A 22 & Fote] WA= A E S
& Aok ol M AAl Zakd<E(Yoon et al., 2016)
O] WA &= 86.70-90.862} 7 2] 2ol 7 Glim A 0.2 Flw| ¢l

M, AR E WA E TR Toheko] M(Kim et
al., 2000a), 7+24 o] ZH(Cho et al., 2001b), EFZ=L A& (Ko
and No, 2002b)5-2] BioA % SelEgon, XA e}
A Bt 7reA o] ZH(Kim et al., 2003), 7§=7H(Lee et al.,
2015), @ v} Z2AR(Park et al., 2015)2}F 24 2]of <]
gk 7H270(Yoon et al., 2016)2F 72} ZAkzbes 9l S-AAA4
(Kang et al., 2005)2] $1-+Z2 2ol A &= ZhzA)| o] ¥l &= 7} 74
B gRlE et
g4=5s

Fig. 1-& A AFSPEE(Ca0) 2t SAI A & of) whe} A =3t
117 AJA] LCCLs9] 2h5-5oll thafi trebdl Zloch. Al CaO
LM (5%, w/v)2] pHE 12.750181.0.1, 117§ 2] A|A| LCCLs &
H(5%, w/v)2] pHi= A4HsT/CP 7] gof| uhe} pH 3.24-
12.32 9 9151tk ZAibs o] ulste] LCCPY| 7Ha|&-o] At
Ao 7 =345 pHe wokA= Aaolditt ol5 7 899
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1N HCI, mL

Fig. 1. Buffering capacity of calcium lactate prepared from little-
neck clam Ruditapes philippinarum calcined powder.

tjato] 1 N HCIE 0.1 mL T2 H7FshH A pHe| #ishE 4
E3t h5-52 0.1 mLe| 7oA pH 3.22-12.7 W9 E e}
Welon 2.0mLe] H7F2 AJA| LCCLs X% pH 2.78-3.90 §
ol A 552 LR STt 11709] AJA] LCCLs- 2F4Hd <
o] pHol|A] 73t 2h55-5 et = 2 0= Kol Z73ka
HZA o] 7Hs o] rhar S| Qi

NZAN A4 (Lee et al., 2015)] 7% 0.1 mL &7} A] pH
6.16-6.37,2.0 mL %7} A| pH 4.88-4.92%] &, v} R| 2 Az
%4 (Park et al., 2015)2] 7%, 0.1 mL 37} A] pH 6.15-6.44
£], 2.0 mL 37} A] pH 4.89-4.92 |2 H AJA| LCCLsX.t}
3ot g5 e AT g, ZAike 2 A 2)gk 2l A4t
Zr(Yoon et al., 2016)2] 749 0.1 mL 37} A| pH 3.24-12.10
1], 2.0mL 7} Al pH 2.82-3.80 H 2 AJ A LCCLs2} A
3FILE. Cho et al. (2001a) % Kim et al. (2003)2 7F2 o] 7F
SRS Gl e WL, pH 12,9 FEo=2 dze|4dolo A

4§02 ol §5t7]el Aokl BOLE §714KEA B H4H
Helg Fo) pHE Wl H9 7heAL AEchT stk
oAe] Hne} A3tz v]Ro] §714 42l B 7HgAo] A
HEIGOm, 24RO 2 H23hs 497k HARO 2 A 2fat Ao
Hlste] F4 o] §Xjo] £ U] Golet Ao ShelEgir.
271

AJA] LCCLs®] F714 ghgol| sl £45F Auk= Table 7
¥} ok WA, LCCLs®] ZA(K)Hae] # ¢l 22.88-89.67
mg/100 go]glem, o] % code 5 (89.67 mg/100 g)2] Zko]
71 o 7 o 2 BlelE]9] o, code 3 (49.38 mg/100 g) L
8 (46.78 mg/100 g)} o] LCCPL] H7u]&o] =& AlA|
LCCLY] Z-gHegol =& Aol st =27l 24 (Yoon
etal., 2016)2] - A= code 5 (81.98 mg/100 g)7} 713 &=
2 A0 &2 et 2 AFAet fAsEITh Z(Ca) 2l 75
L LCCP #7H]go] AthA 07 o} Lk code 2 (7,651.89
mg/100 g)2} code 7 (9,736.06 mg/100 g)2 A| 2|5+ 974 2] A A
LCCLs9] Z3HE2 11,442.20-17,480.14 mg/100 g¢] #19]
S UER 9l om, 7§ 271 A AFd(Yoon et al., 2016)2] 74-%-o
A= YA 5= Ao vehfe], ZHo] B LCCP 71|
0] T AAIFY Aol TS F= AR AdEg
c}. AJA] LCCLs9] vl1vl:(Mg) a2 0.25-14.67 mg/100
g WHE, 24tk LCCP 7+e] 2718|7F 1.84] o]/d<l code 1
(14.67 mg/100 g), code 2 (7.27 mg/100 g), code 6 (13.30
mg/100 g) 2 code 7 (9.26 mg/100 g)ol| A =2 u} 1|4 3k
S YR 1AL, Yoon etal. (2016)2] 7270 ZAbz<: Al 2ol
gF Aol A e 2 AP Artet YAkt EE(Na) T
82.69-320.00 mg/100 g H2]$12, code 3 (320.00 mg/100 g),
code 5 (230.91 mg/100 g) & code 8 (262.46 mg/100 g)= Al
9]t 200 mg/100 g ©]3}e] ==o] gl om, 2N ki

Table 7. Minerals content of calcium lactate prepared from littleneck clam calcined Ruditapes philippinarum powder (mg/100 g)
Code K Ca Mg Na
1 30.30+0.51° 14,023.90+£67.23¢ 14.67+0.182 150.65+1.58"
2 26.94+0.289 7,651.89+39.09 7.27+0.07¢ 82.69+0.66"
3 49.38+1.91° 16,957.50+£69.75° 0.25+0.01¢f 320.00+£1.20°
4 30.82+0.19 15,896.93 £84.99° 0.37+0.01¢ 199.23+1.61¢
5 89.67 £1.222 17,480.14+£61.572 0.32+0.00° 230.91+0.39°
6 31.59+0.99 14,548.40+£118.26" 13.30+0.14° 153.57+1.589
7 31.05+0.91f 9,736.06+29.38 9.26+0.13° 102.94£1.17
8 46.78+0.85° 15,899.80+68.54° 0.20+0.00f 262.46+1.87°
9 33.75+0.30° 11,422.20£90.19" - 121.88+0.54
10 36.96+0.75¢ 15,665.50+114.16¢ 0.02+0.01¢ 184.40+1.28°
1 22.88+1.15" 15,212.08£141.47¢ - 169.16+1.14f

- Not detected. Values represent the mean+tSD of n=3. Means with different letters within the sample column are significantly different at

P<0.05 by Duncan's multiple range tests.
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(Yoon et al., 2016)°]| A &= up2k712] 2 code 3 (444.03 mg/100
), code 5 (358.75 mg/100 g) ¥ code 8 (325.07 mg/100 g)&
A 2J5H 300 mg/100 g 0]5te] LEE TS ek giet. o]
AGFEE LCCP F7PI ST A A0 2 20 7 9] 1T
SHe 0.2 Hol, 2429l AARTLCCP)o] £Afshe L
FollAl frefgt Zlolet st
7heheto] W AAETH(Kim et al., 2000b)2] 22 36,300
mg/100 g, 7+ A o] 7t 24 E 1K (Cho et al., 2001b)2] Z4z0]
©}70,518 mg/100 g, B}t 7474 224 52K (Ko and No, 2002b)
o] 7= 49,980 mg/ 100 g, 7|27l W vFx| 2} A4 EIHKim
etal,, 2015)9] Z< 3HF2- 717F 51,140 2 44,890 mg/100 g©.
2 x|z o) FRol et ol Aol7} ek olipel Azt
OF AT A 2B O] A9, Tl Thoket AL Ab
sk 450]14] 7] 2] o] AkgtekAt 4-Ho] Estol B4
OlLf SAHBHA 0.2 AN HEE O 2 AhA el P4
o] 7} 447]7] wf o], o] i= gkA]€] b 7(Kim et al, 2015)e]
A Al Al Bl calcited} 22418k 4 HEl 2l
portlandite7} EAE 0191 20 2, Az 2 upte] 248
T2 AR 0 2 XRDEA] 23 21 ¥ ek 3HH, th& 7]
1hS- o]-8-5to] A 23F A% (Lee et al., 2004)2] Z
Pk ARG A2 0] £ uhet 16,310-27,150 mg/100 g2
Ao, 2 2AP % (Lee et al., 2015)2] 75, 20,671-
2,769 mg/100 g <], vix| ek A4 (Park et al., 2015)2]
©1-18,997.5-23,003.5 mg/100 g2 <], Kim et al. (2003)
ool 3 &R Y= At A ZAb0] Zheot
Z¥7} 21,320-25,700 mg/100 g 2! 12,060-12,650 mg/100
9], B} 2A(Ko and No, 20022)2] ZH3Hake
00 mg/100 g, 18|31 7} 27l ZAEZ<(Yoon et al., 2016)
FdEF2 6,200.10-16,659 mg/100 go|2tal B ars|SiT.
ol Q714 HelS Bl ARG G714 252 97
JEU7E] B vl 02 sehg A4 24
ZHo] A & o™ (Yoon et al., 2016), 24
ol Hlato] 2] fe] B AT B A
B 31E Bl Sluglch. ol A4 HT} WHES
AFFHM.W. 60.05)0] 24ke] EA-eHM.W. 90.08) 1.
A T, AT 244 B0 Zaatero] Aa oz
ARl ]3] oF 24% 4 7] whol .
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Al CaO B AJA] LCCLs 9] 20% (w/w) &4 ol tigt 24 &
== Fig. 29} 2tk Al# Ca09] 3%, 4.5%9] S3 =2, Al
Al LCCLs2] 7 £-0]1%=96.61-98.92% 1 9] 2] < &3 == 1}
ERigich 2 Ao A= 100 mLe] Bo]2420] Al CaO=
0.9 g 712]3L AJA LCCLs:= 19.3-19.8 go| g-alj=]glc}. uha}
A B8/ Arskgel vlste], 714 A e|agS 5k 24k
40 gallw= oF 22u A= it gh, Atk 9 24t
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Fig. 2. Comparison of calcium solubility of calcium lactate pre-
pared from littleneck clam Ruditapes philippinarum calcined pow-
der.

Zrz o] BAleks 1123t & Zh5-8-5)| = (net calcium solubility,
%)= A% Ca0= 0.63% 18] L A| A LCCLs = 2.51-2.57%
Sl 2 A, ¢ ZHEEE of 49 AAE Ao e
t}. Yoon et al. (2016)2 7127} 20% (wiw) ZAEd 2] ZH4-4-
= 93.6-98.5%°] o1, HAES Lefet o= A ol
L 2.43.2.56% BAIE|o] 2 A Aol Ao] AH3Hrt. @
H, ¢k 9] A-4(Lee et al., 20154 7§20 20% (w/w) ZAF
9] AE8si e 97.0-99.6%0] 1L, HAES ek o
s Sl 4.27-4.38%2}0L 3fo, ZAMAS AR
H]5to] T Bl e Bl ol Rl e, & Aa-gal ol
A= OF 56-58% =0 & ANl 8IS AT 4 02 459
7ol B AR e o= re Aol I AR TR
A zgt 2AF D AA50] & Zs 8ol =7 22 5.27-5.30%
9} 1.35-1.38% (W/v)& YEho] 2Abd<9] all=7} 24k
% 28)E Bo} by ot B 119} 9 ARFTHKim et al., 2003).
oo} el AR oA AR EERE {74 Y = g
718082 A9 7HE o, AR R4k EAbEol
AorE o e 8ot wrhe Zlo] gl Hth(Yoon et
al,, 2016).
FT-IR ¥ SEM &4

SHEAL | whet 2 Az 70004 A3 LCCLY| AA+
% 4 A¥b= Fig. 37 2ok WA, FTIRO| &Jgt £A414 3}
(Fig. 3, Left)oll 4], A|A| ZARZ%(LCCL)2] spectrumS C-X
S4HEQ] 546 ecm!, C-H S<al =21 687, 765, 8592} 2,984
cm’!, C-O S<Hi=2l 1,031, 1,093, 1,125, 1,265 2 1,296
cm’!, C=C &<ui=0l 1,421 9 1,468 cm’!, C=0 S<Hi=Ql
1,578 em’!, Z12]a1 O-H &<ui =21 3,359 em 7} A= 0
], 2 5 425E(calcium lactate pentahydrate) 2 574 &
AUk oo} Ak 727N 24bd2] FT-IR 35 spectrum
3} B S4sREol2t S Ak ATt (Yoon et

3
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Fig. 3. FT-IR spectra (Left) and Scanning electron micrograph (x2,000) (Right) of littleneck clam Ruditapes philippinarum calcium lactate.

al., 2016). Park et al. (2008)2 BH4FZ52] polymorphs 24|
calcite®} aragonite S ©]-&3F AAFA45 2 FT-IR A¥EYH EX
2 O-H Z5=Hi=21 3,000-3,500 cm! §H 9o A<} 1,500-1,750
cm’! oA 9] 72 R Y ZAglolalal 319 21, Lee and Kim
(2003)4] th&7] =8 240 FT-IR 240l A = A<
O A2l 54<¢l O-H A3, C=0 2%, C-H Ago] 717}
3,000-3,500 cm!, 1,500-1,750 cm™', 1,300-1,400 cm™ T}
QoA LrehdeRar sk, & A AT} AR 5h= H el ek

FAF A Au|H(FESEM)O]l gt LCCPE] m]AlF-2(Kim
et al,, 2015)%= thaAo] §l= 1-10 ume] ¥] A& o] 24 £z
2 ZlE o, LCCPE A|=3t LCCLY] v|A|+-x(Fig. 3,
Right)o A= m71R] 2 ¥|AE AA(irregular crystal) &=
RPN SR EY PADE P EESE LR
2 1 21519] Ate} SAFLLH(Yoon et al, 2016), 274
EHAR0.2 AT 24RO SEM TS B B0l
A oletal 3+ B 1l(Park et al., 2008)2H= FejAtol A 2fo] =
e iet o] # gt Zpol= AAabdso] Azl Qlof, A
Apo|(Ahekdwat R eabdg)el 71916k A o2 T
At} o] o] A AL} AtE L] n] o] Hof Ll o] &
AT tEA 22 f7ke 7 Al 23 f7 A
2 FxRAo R FHH o R = A0 FUT Alo] Az Y
njAl 2 A Fol SRIE QAo 7] HiEA Q] 7 A
Mt opel, Zh ol =5 =31 F714b
e At Az o] 7hsAdol
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