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Abstract

The principal objective of this study was to investigate the association of variable salts with the hardness of cubed white
radish. We analyzed the contents of domestic sun-dried salt, Chinese sun-dried salt, domestic refined salt, Australian rock
salt and Australian industrial sun-dried salt in the radish samples. Our assessment of the water content of variable sats
showed that domestic refined salt was highest(7.27%) and Australian rock salt was lowest(0.16%). The NaCl contents of
variable salts were as follows : 93.23% in refined salt, 93.76% in Australian rock salt, 87.85% in domestic Shinan sun-dried
salt and 87.98% in Chinese sun-dried salt. The content of insoluble matter in water were 0.03~0.05% in all salts except
0.85% in Australian industrial sun-dried sat. The pH vaues of salts were as follows : 8.93 in domestic sun-dried salt, 8.62
in Chinese sun-dried salt, 6.69 in refined salt, 5.83 in Australian rock salt and 6.41 in Australian industrial sun-dried salt.
Regarding the mineral component content assays, domestic salt was found to harbor lower Na content but far higher Mg,
K, Ca contents than other salts. In our evaluation of the hardness of cubed white radish, we detected a continuous increase
in the hardness of cubed white radish soaking in a 4% salt solution of domestic Shinan natural salt, but an initial increase
followed by a decrease in the hardness of cubed white radish soaking in a 4% solution of the other sdlts.

Key words: sdts, radish, hardness, mineral, heavy metal.
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Table 1. Operating conditions of ICP-AES

Instrument parameter Condition

OPTIMA 4300DV

Model )
(Perkin-Elmer, Fogter, CA, USA)
Inductively Coupled Plasma

I nstrument . .
Atomic Emisson Spectrometer

Gas Ar gas

RF power 1,300 W

Nebulizer gas flow rate 045 {/min

Pasma 15 ¢/min

Auxidly gas flow rate 0.2 {¢/min

Pump 15 ml/min

Cdibration curve 0.2, 2, 20 ppm

Standard solution AccuStandard(USA)

Azt ¥hgo] B AR S/RTE H7kete] 20 miv} =
T2 Xl A Ze=n 9SS (ICP-AES
Optima 4300DV, Perkin-Elmer, USA)=Z 33] 2 35lo] HF
#= Uik 28 7 FE5 TS T e 4%
T Y3t ICP-AESE TAI5Hth 418 F7-89(AccuSan-
dard, USA) 1,000 ppmS TAIE 2 3] X slo] AL&-a19]Th ICP-
AESe] B4 2710 2 RF powerE 1,500 Wel 12, nebulizer gas
flow raeE 045 (/mine.2 A 3slet & EA3s1 o7
& 34 2 F71E S34& 91T ICPAES?] 2312 Table 13}
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Table 2. Physical properties of salts
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As Cd, Pb, Cr, Hg & 539 TS X33t 1559 F
714 greke 248 23S Table 3¢ YERARITE Table 3¢]|
A Bz ukel o] Nao] -2 Aol 418,549.9¢3,o41.42
pome2 7P A vstor, thgoz $534 glele] 400616.1+
1,232.28 ppmo. 2 Fo] ¥ o] ;’l‘}h iz“ THE ML
o] 375,740.9+2,291.56 ppm, T4 ALY 379,206.3+1,99%5.81
ppme] o, TUlAF 2lekal U9l 356812.6+2,874.98 ppm

:._/_|.§ =1=13
Z

Sun-dried Sun-dried Purified Rock Indusria

(Shinan, Korea) (China) (Bora, Koreq) (Austrdia) (Augtraia)
Moisture(%) 553 479 127 0.16 1.96
NaCl (%) 87.85 87.98 9323 93.76 9321
Métters insoluble in water(%0) 0.05 0.05 0.04 0.03 0.85
pH(4%) 893 8.62 6.69 5.83 6.41
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Table 3. Mineral contents of salts (Unit: ppm)

Sun-dried Sun-dried Purified Rock _Sjn-dried

(Shinan, Kores) (Ching) (Bora, Kores) (Austraia) Indusiid F
(Augtrdia)

Na 356,812.6+2,874.98" 379,206.3+1,995.81° 418549.9+3,041.42° 400,616.1+1,232.28° 375,740.9+2,291.56° 300.969
Mg 186788+121.29"  13577.5+61.53 833.5+4.49" 402.9+0.06° 4,459.9+40.00° 49,593,505
Al 38+1.89° 4.9+575 nd® 4.1+0.00° 114.0+1.44° 948.829
K 5,167.6+27.06" 2,938.8+29.86° 2,2225+31.01° 279.9+8.81° 800.6+7.88" 20,557.789
Ca  15975+10.79" 1,297.0+6.41° 601.4+5.44° 505.3+3.43° 981.1+13.23° 8,513.995
Mn 4.7+0.00° 5.6:0.00 1.0£0.00° nd’ 7.9+0.00°
Fe 6.6+0.00° 5.1+0.00% 1.0+0.69" 3.8+0.75” 155.5+1.89° 5,993.112
cu 1.740.75 nd nd 0.8+13 1.1+1.89 1357
Zn 3.9+0.69 6.1+1.33 9.041.20° nd® 37+1.25° 31.602
Ge nd 0.2+2.30 nd 38+4.23 2.245.08 1234
As 32405 224115 244235 nd nd 3182
Cr nd nd nd 6.3+0.00 4.2+0.00
Ni nd 0.1+0.00 0.8+0.00 nd nd
cd 0.5+0.69 0.3+0.00 0.1+0.00 nd nd 1.469
Hg nd nd nd nd nd
Pb nd® nd® nd® 8.9+1.35° 85+0.69” 45413

*Means with the different superscripts in row are sgnificantly different(p<0.01) by Duncan's multiple range test.
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Table 404 E= Hiel o] 7S vEhd
100 Atele] gho 2 Aol ARE-gF 2ge] A%
olm® Yre Wl &apH, 1 FolA A<D
uigken], 1 thgo] 374t ¢
AT 74 B8 AL ol 7P o T8 el 90267}
902162 YERITHp<0.01). H2 A4S Jehle A% a
e T3 TPE HLho] 08322 /M o, AAs

Zrol 0~607H] YER B R A7) M%7} 016~0839) #k
]

o Agd) 8% BE 23e Bed 4us) A9 gitkn
& 4 9tk PAEe) 49w 0-609) FHoT Ve 3

o] wh$- gt ] Saht, 1 FAME B84 Fito] 7}

=
AolA AEHA] ekt slo] Ao it Ak A A 7e T34 38 Addol] 4212 YERY BT} At
AT} Zoot, P 3 A4t 0.05 ppm, FF Wi 3 & F deH, AAES 16408 7 2kt (p<0.01).
011 ppm, SAH Z4AF 006 ppmeo] AZHJTh st Shin 5(2005) 52 1d4t ALAS 250ColA & &
Table 4. Color of salts
Sun-dried Sun-dried Purified Rock Indusria Fvalte
-vVau
(Shinan, Korea) (Ching (Bora, Koreq) (Audtrdia) (Austraia)
L 92.00+0.051° 90.26+0.176° 95.99+0.044° 94.47+0.045° 90.16+0.0957 2,157.537
a 0.16+0.015* 0.21+0.012° 0.16+0.006* 0.41+0.023° 0.83+0.012" 1,151.766
b 2.34+0.023" 2.79+0.032° 1.64+0.026" 2.89+0.015° 4.21+0.030° 3,917.809

* Vaues of brightness are L: 1.88, a 0.12 and b: —0.48,

** Means with the same letters in the same row are not significantly different(p<0.01) by Duncan's multiple range test.



Val. 22, No. 2(2009)
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Table 55 F-2] ¢JollA 1/3 #] ZF U3 XA 28)a o)
P U3 AHE HAPst] AxE =% 1} ZAajo|t}, o] 15
S, S-S, ol F-9le] A=t 742t 790+44.1 g, 683+71.9

g, 639t86.4 go. = SIF-9¢} TS, 1
591 AtelddlE ol A Ato]l& B tHp<0.01). -9l of
-9 BT} A Eot fel A Aol 7t flAtH(p<0.01).
meta] Ax 4 Al Huigh eaks Fol7] Yt F3t
U3 H918 F A=S S4stes FEo= Jaidrh B3, &
59 S 7 AR 7S e 99 S
a)a AA 7 B89 AxE S A, A=t &
AT 641465.2 g, 673+485 g, 661+61.4 gO. &2 F4]dl| 717}
& 5§91 AEr v 9)o] AxrTh vigtont fo]4 2t
o]F Ho|x] ggtong R FH 13 FIE F AEE S
Aol FY = 438 tHp<0.01).
2 ol F1 Y TR UlFEE AR5 Nagt o
Zo] g5 o] & K, Mg, Caz} d, SO, Z12] 3L COs
o]l A5 T =l & &alER] %= MgCO:9t CaCOzE Al <] &t
Z¥zke] IM g3} B2 AN 1:19] H| &= Y11 15T
AN 193 390 =S =43 292 Taole 61
ERUIgIT) 190] A Fgt $o] A= MgCly7} 737479.0 g
2 7P 3A Ugre, FeCls©] 616£67.82.2 71 A A v
S$koH(p<0. 01) Kol 239 K80, K,C0:8 S MgCl2 Al

517.9]5} o}

N

9% AETE FH Aol gAY A B RS
HolFA OU% ehato] A3HE NgpCOset K.COE 18138t Th
(p<0.01).

3do] g Fell= N, K, Mg, Ca, Al, Fe?t 22 7714
o A o] o] A3 A-5-= Aol Aol7t A< gllH. SO

Table 5. Hardness of radish

Part of radish Hardness(g)
Top 790+44.17
Middle 683+71.9°
Bottom 639+86.4°
F 17.324

* Means with the different superscripts in column are significantly
different(p<0.01) by Duncan's multiple range test.

Lol mAlE 9 243

Table 6. pH of 1 M salts and hardness of radish brined
in 1 M salt solution during 15C storage

SHits pH _ Hardness(g)

(IM solution) 1 day 3 days
NaCl 557 708+51.3° 709+ 59.7%
NaSO4 575 704+61.4% 737+ 57.4°
NaCO; 10.92 69443 2" 752+¢112.3
Kd 9.69 707+73.0° 711+ 626
K2SO, 554 674+41,0°" 660+ 52.7°"
K2COs 11.56 676+32.9°" 742+ 66,0
MgCl, 540 737+79.0° 735+ 67.6°
MgSO, 564 668+52.2°° 714+ 725
CaCl; 750 707+40.4% 680+ 43.6™
Ca0, 775 694+48.9° 650+ 34.1%°
AlCl;3 327 672+55.4%° 676+ 62.2°
Alx(SOu)s 335 650+39.2%° 686+ 80.8"°
FeCls 1.88 616+67.8° 585+ 34.57°
Fex(S0u)s 1.79 625+84.6 485+ 77.2°

F 2.788 9.382

* Means with the different superscripts in column are significantly
different(p<0.01) by Duncan's multiple range test.

790l upg} th2 A4S Ho Na Mg, Alell 2385 o
<7k K, Ca Fert Afalsls e aside
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Table 7. Hardness of radish in 4% salt solution during 15C storage (Unit: g)
6 hrs 12 hrs 1 day 3 day
Sun-dried
e 77445450 942+ 71.1% 914+ 41.0° 953+ 73.2°
(Shinan, Korea)
Sun-dried
, 743+83.8* 963+109.2" 938t 87.3° 913+ 834*
(Ching)
Purified
784+68.7%° 886+ 69.7% 968+103.0% 843+ 32.6°
(Bora, Koreq)
Rock o
_ 802+42.4 857+ 53.3° 1,027+199.8° 938+ 68.0°
(Augtrdia)
Indusrid
_ 813+42.7° 991+ 76.9° 084+ 48.3% 880+137.5%
(Austrdia)
F 1641 3.975 1.955 2.040

** Means with the different superscripts in column are significantly different(p<0.05) by Duncan's multiple range test.
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