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Abstract

This study was performed to investigate the effect of vinegar on the solubility of 3 types of calcium. After sohibilized,
total acidity and calcium content were increased as initial acid and calcium concentration increased. Addition of
vinegar resulted in pH decrement while total acidity increment. Calcium content in seaweed calcium and calcium
carbonate were higher than that in nano calcium. Saturated concentration of seaweed calcium and calcium carbonate
were 7.0% (w/v) and 6.0% (w/v), respectively, in vinegar and calcium content were 2,234 mg% and 2,490 mg%,

respectively.
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Ao A8 S 2ZFEEEE 34.08%)E vio] 2.
Fe)oW}, e #ETE 20.22%)2 (FIMSCe|
datAon, I FEEEEE 49.5%) A FH7}
SA5-S ALESI o1, A 2(FA 6.6%)E 5
oA Fste] dPAgR AHESIATH

& UxZdg, g Ees 47 05, 10,20 2 30%WwWNV)E
A7bstel EEker] 30T, 200 mpmo®  wHkx g
(overnight)gle] o 342 (No. 3, Whatman) 2 <] 23} pH,
3, g & A 9 geld ZEedEes S

2o ZEHsT

Zge XrEd AR Yoo Azl sl x2ZFH
S 40, 50, 60, 7.0, 80, 90 2 10%(w/v)7FA] Z+zh
713 & 30T 4 200 mpm o2 i 2 (overnight) 3}

e 2ze) A% 113

pH ¥ &

pH:= pH meter(Metrohm 691, Swiss)& AF-&38lo] 276}
9glom, 22k 0.1 N NaOHZ 23} 23 3sle] 24 ghako
2 B THIG).

7)(Kett FD-240, Japan)Z A}-&-3la] 80TColA A3 T o3
A ATpA Y] kgt vwste] AL E e
iy o #4

Az A& 88 T 8000 pmoZ 1583 A4 e
sl gedE Hetth. A2 ICP-AES(Jobin-Yvon
JY38S, France)& Al-&sted syl on, ojmf 42
2 frequency 40.66 MHz, plama gas flow 12 L/min, sheath
gas flow 0.2 Limin, sample flow rate 1 mL/min, wavelength
393.3 nm=z 3}t

Zdot 2

EI|EMo 2 2w SMEA

A %20 271%2H% 20, 40, 6.0% 0.7 2T F o=,
he, EAbAES 05, 1.0, 20, 2 3.0%wiv) 212 #H7}sle
Zg 83 F pH, 4, A 2 ZadEs AR

Table 1. Changes of pH, total acidity and residuals under the different initial acidity

Calcium types
Initial . Seaweed calcium Nano calcium Calcium carbonate
total Calcium
acidity con.(%) Total Total Total
(%) pH acidity Residuals(g) acidity Residuals(g) pH acidity Residuals(g)
(%) (%) (%)
00 2.67+0.00 1.96+0.00 0.00 2.67+0.00 1.96+0.00 0.00 2.67+0.00 1.96+0.00 0.00
05 4.05+0.05 1.80+0.06  0.02:0002  3.80:0.01 1758001 00510003  4.13:0.02 1.79+0.08  0.06+0.008
20 1.0 4.51:0.05 117:002  0.06:0003  4.19:0.00 1431001 007:0008  4.65:0.03 101006  0.08£0.004
20 566005  0.14:001  032£0011 4701002  085+0.09  0.01£0002 650001  005:009 0260018
30 6741035 003001  132:0.006 5432001 027:001 02110009 6771002 0051001  1.28+0.005
00 2.55:000  3.97:x0.00 0.00 2551000  3.97:0.00 0.00 255¢0.00  3.97:0.00 0.00
0.5 3.67+0.05 387009  004:0.002  340+0.01 422:016  0.05+0.004 3724001 4.07:006  0.09:0.010
4.0 1.0 4.03:0.05 3265007 00620011 3.70£0.01 386005  0.09:0002  4.07:0.02 344005 0110003
20 4.48+0.01 208+007  0.14+0006  4.04+001 3402009  0.13:0004  4.54+0.01 2184004  0.18:0.002
30 5.00:0.00 099+0.08 02410006  4.31+0.05 280007  0.1920005  5.12+0.01 0.85:0.03  0.23+0.002
0.0 2.48+0.00 5.93:0.00 0.00 2.48+0.00 5.93+0.00 0.00 2.48+0.00 5.93+0.00 0.00
05 3.47+0.01 5.96+0.02 0.08+0.007 3.21+0.05 5.96+0.28 0.09+0.004 351001 5.96+0.10 0.10+0.004
6.0 1.0 3.77x0.05 5.34+0.09 0.16+0.005 3.49+0.01 5.80+0.05 0.12+0.007 3.8120.01 5.80+0.10 0.12+0.004
20 4.15£0.05 423012 0.18£0.009 3.81+0.05 5.350.02 016+0.007 420001 4.54+0.11 0.19+0.001
30 447001 3.08+0.15 0460006  4.03x0.01 502:0.17 02120002 450001 33120.14  026:0.004
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71 2%} Table 194 B vk} Zo] ¥kg & pHe 27|35
A 20%004 S z2E S dgE 05%wy) F7HE
o A AR on, Artsert Boldes A EH08
Z7kske 2 el o, 27]54F 4.0%9) 6.0%0
AMe ZE37 e & pH Z7he g9relA st e
o Zgdeo] & wakzgo] v Zgel vslA vk
Z pH7} B4 e, dl2dd dedd To2 B
yehdth Fatel Males 2gd/lsert goldeE A4
e Ao g, 2715 20%2 3t d|2ZFe eabd
FE 20%wiv) H7HE W e 438 FHasto
0.05~0.14% 2 Yelilx o] % & Halr} gl vk
27154 20% 94 U242 3.0%((w/v) A7rshd vk
F 42 027% 2 U2 g HlalA A JdEhde
27134 60% 2 3t J T 30%wy) 718t S o
£ &4to] 50%2 e ehibdgd sl 2gg 7R

o

Aoz pH F71 2 FA4e] A7l e AR
dZHch Zgsd T AAEFL 27)FA 20%E 5H
2L AT FS 3.0%wy) HHsle W el &
Aqetgon, 27)|FAbe] w1 Hrhe g ETE
A e e Aol T3 27154Y 4.0%0] el A
E ZHES 3.0%WN Aisieets ALEe] Aol dA
ol dHEE feid oz Azt

Fig. 12 2| x9] Z7|FA4kd g 3359 Zgo] &ad
s vlustdth 2 A7 2r)Eate] #24E A W
Ehton, 2 Ert 58 gabdgo] tE Zhgol vlg)
Zgadro]l =A JElth 2754 20%04 X
SALEFS 20%wv)eld HArtge o ZedEge d F
7VekA] kol E3PFEIZE © Ao AT 27154
4.0%° szt SLFEE 3.0%wy) HAE o ZaT
e 747} 1,225 mg%e} 1,450 mg% = Vet o, 27]%
A+ 60%0N = B3 ZEdES Vel Hrtet Aol
-2 &3] @ Aoz A4dc) v yuedge 2%
Abo] ol &3 ¥ AFFEFS AA F7IHA] B3k
o, 2o} etz Gof vlg) ko] VA Vel ol &
Zol e TdaAT UxZge dei=st
2022% 2 ThE Zrgro] H]E] Yo} 7] 24} 20%H T A
T $d3d] falEo], 27184 o E ZAadEe ¢ o
2 Z7VeHA] gskth weba] A2 5 ol 83l dgd &
& A% 27|13 Bl Aaget B8 22kl
v ez g ALe-she Aol a7l o g yHErh
Shin¥} Kim(16)-2 A4k, 24t 2 24k T2 & 005~
3.0%2 BAIZ F G2 EES 20% HHE o 247
F713 1% 550l Tedei7E @vkn Exng nf glof
Zg2] T AR Sullol uhebr] 35l 24 f2s
Yete Zo2 AyZE
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Fig. 1. Calcium content of seaweed calcium, nano calcium and
calcium carbonate under the different initial acidity.

(A) initial total acidity 2%, (B) initial total acidity 4%, (C) initial total acidity 6%,
) seaweed calcium, nano calcium and Wl calcium carbonate.

A xSt mE 24 Bo|SA

Azl @ =R A2 E Zh7be] HE 2(20, 40,
60, 80%) A7}t fufol a2, Y L @il gS 247
3%(wiv)y A7tskd ZdEdald] nixe G3e vkttt
1 A7 Table 20| B ule} Zo] Zrg &3l 3 pHe

HzgFo]l EFF WA vewen gl vE
Zgoll vlsiA pHIF 2A vebsith Zg8e) F Sk
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Table 2. Changes of pH, total acidity and residuals under the
different quantity of vinegar

Cat}ll;gn Vmega(r%%uanuty H Total( 7'«Z():ldlty Residuals(g)
Distilled water ~ 863001  0.030+0.01 2.850£0.057
20 6974003 0030001 1.964:0.035
Seaweed 40 603019  0.100:0.04 1.058+0.000
calcium 60 510:009  0.628:0.09 0.412+0.038
80 461002 1938051 026440032
100 4391002 3.176:0.02 0.406+0.051
Distilled water ~ 7.524002  0.04440.01 1.528+0.035
20 682022 0.04240.01 0.648+0.019
Narno 40 483:003  0766:0.11 0.194:0.013
calcium 60 3442001 224840.11 024010011
80 320002 3.720:0.23 0.250+0.003
100 3054001  5.16420.09 0.276+0.008
Distilled water ~ 729+0.02  0.024+0.01 2.876:0.031
20 585¢0.03  0.034:0.01 1532+0412
Calcium 40 536£0.12  0.082+0.02 1.058+0.053
carbonate 60 4581009 0400005 0.290+0.010
80 3794157 2096052 0.286+0.008
100 35310.11  3.784:047 03180011
o] Eold45& A YElton, o] % I e o2 e
o] 252 3.0%wy) H7HE e A28% 60% o] 3o]
W 2Ee RE 8942 £ dE Ao AzE.

2 23l 2 L3d ZETFE A 42 Fig.
2014 B ule} o] S|2TFe AE28H 0% A ZF
Bk 1,011 mg%, A 28 100%90 4 1,249 mg% = VFERsk
o, BHdEE X 60%Y o 1,149 mg%olA
100%4 o 1,470 mg% & Ve A 23} S84
Zgdtae Z71she Adolich v g A2
Z 40%0)| A ZFTEFS 770 mg% S VERN o, o] &
A z3o] FrRl s Aadde o ol Stk ¥k
o} olgldt A Leed} Park(14)o] A 2ol BT 5
dragel £& 3] Boithe Bu vt Ago=
A 2E o83l AEE ST e ZEeEst B
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Fig. 2. Content of calcium on the different quantity of vinegar.
[] seaweed calcium, 3 nano calcium and [l calcium carbonate.

NzD 3} BABEE o] §he Ao] AEHolH, 428
Helx] i ASE W B4l o 2 SelelE BHUT
= A debgch

Z&o| EslsT

Zge &3] B4 vlu A g8l & 2T
#7} BERMEES Az 4.0, 50, 60, 7.0, 80, 90 &
10%wW7HA 2¥zt A7rete Zge] 23ls =g ARSI
o} 1 23} Table 304 B ule} Zo] pHe 24 H7bs®
b wolASE HAAE FUkle A%E Jehlden,
60%wfv) o) A71ElE e pHrt 234 S7i8ke A%
< YeRITE 442 pHY W Ao AFsrt =
ol E i hadte A4S JERIUT &3 & FAL
T F TR TF BT 7.0%w) o HrhE wf oF
2~3 g, 9.0%(w/v)o] dold oF 4~5 go 2 UElRTh

Table 3. Changes of pH, total acidity and residuals under the
different seaweed calcium and calcium carbonate concentration

Calcium Total acidity

Calcium types concentration(%) pH %) Residuals(g)
40 381 249 036
50 407 141 076
60 425 104 160
Seaweed 70 433 090 250
80 443 077 33
90 448 068 442
100 455 064 526
40 381 249 036
50 407 141 076
60 425 104 160
Galcium 70 429 091 244
80 v 077 33
90 448 068 442
100 455 064 526

23S A A3 Fg 304 2 ulel o] H71
TRt BErE AEedYe SUlele AR dxds
o] A5 50%wv) A7 S W ZEES 2,000 mg%ol
W, 7.0%wv)ol A 2,234 mg%, 10.0%(wiv)oll A4 2,351 mg%
2 vehon], 8k 6.0%w/v)ol A & 2,490 mg%,
10.0%9 4% 2,517 mg%= Jebgth old sjzdHe
7.0%(w/v), BAHZEL 6.0%(w/v)oldol M e Lgd S
o BlgiA Zagad A FrEekA] skl b Az
E ol g3t g A of AAEL ns T
& 70%(Wv), BAFZEL 60%(wv) 871she Aol A4
Ao 2 YZtEY 3% Bded 547 o] 23 Fxo e
Hm A7 5 Be Reo] a7HA
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Fig. 3. Content of calcinm on seaweed calcium and calcium
carbonate in vinegar (total acidity, 6.6).
[ seaweed calcium, § calcium carbonate.
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