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Physicochemical Quality Properties of Mudflat Solar Salt and Roasted Salt

Jung-Hee Lee, Hag-Lyeol Kim, and In-Cheol Kim
Dept. of Food Engineering, Solar Salt & Halophyte R&D Center, Mokpo National University

ABSTRACT The purpose of this study was carried out to investigate the cause of sulfur dioxide occurrence, general
element composition, sulfur compounds, heavy metals, macro- & micro-minerals, and oxidation-reduction potential
(ORP) following baking time course of RS (RS1, RS2, RS3, and RS4) and mudflat solar salts (MSS). Sulfur dioxide
(S0,) and sulfite (SO32') were not detected in MSS or RS. However, sulfate (SO42') content significantly decreased
in RS (29,878.15~36,097.45 ppm) compared to that in MSS (35,601.65 ppm). ORP was 181.15 mV in MSS, and
58.55 mV in RSI1. Moisture content was 9.34% in MSS and 0.00% in RS with increased NaCl (94.77 ~95.77%).
Moisture and NaCl contents showed no significant difference in RS. Insoluble and sandy residues were higher in
RS than in MSS, whereas Ca and K showed no significant difference. Mg and CI contents were higher in RS than
in MSS. Br level was higher in MSS (628.1 ppm) than in RS (512.72~586.62 ppm), but there was no significant
difference in NOs;. Heavy metals (Pb, As, and Hg) were more abundant in RS than in MSS, but levels were still
safe. These results suggest that MSS and RS may increase protection against from SO, and SO;”.
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: Hose link
: Separatory funnel (100 mL or above volume)
: Distillations flask (1,000 mL)
: Gas injection line
A scale condensing tube (300)
Gas delivery tube (bubbler)
: Semaphore (inside diameter 25, length 150)
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Fig. 1. Apparatus for optimized Monier-Williams.
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g MSS¥ 181.15 mVZ 7Hg v =S Yehyglon
RSE F& A7+ Aol whel 58.55~146.85 mVE MSSel

AZo| & B2 By L B 2N

iﬂi&nﬁ:\o_ﬁ

Table 1. Contents of sulfur compounds and ORP in mudflat solar salts and roasted salt

Type" Baking time (hr) SO, (ppm) 05> (ppm) SO.,” (ppm) ORP (mV)
MSS Solar salt 0.00+0.00°2% 0.00+0.00° 35,601.65+495.89° 181.15+1.63°
RS 1 0.00£0.00° 0.00+0.00" 35,753.30+£389.47° 58.55+1.43°

2 0.00+0.00° 0.00+0.00° 36,097.45+1,538.17° 93.65+15.20°

3 0.00£0.00° 0.00+0.00" 31,818.05+1,827.23% 146.85+7.28°

4 0.000.00° 0.00:£0.00° 29,878.15+1,144.74* 108.75+5.30°
F-value ns” ns 10.672" 71.294™

1)MSS mudflat solar salt, RS: roasted salt. IMean+SD.

Values with all common superscripts within the same column are not significantly different (P<0.05) by ANOVA test.

“Not significant. "P<0.05, "P<0.001.
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Table 2. Composition of general element in mudflat solar salts and roasted salt

Type" Baking time (hr) NaCl (%) Moisture (%) Insoluble residues (%)  Sandy residues (%)
MSS Solar salt 84.76+0.08"2% 9.3440.12° 0.06+0.00" 0.03+0.01°
RS 1 95.100.07° 0.00+0.00" 1.27+0.01° 0.12+0.04°
2 95.10+0.08° 0.00£0.00° 0.77+0.04" 0.15+0.02°
3 94.77+1.29° 0.00+0.00° 0.69+0.01° 0.10£0.01°
4 95.77+0.11° 0.00+0.00° 0.86+0.03° 0.08+0.01°
F-value 95.320™" 11,675.180"" 775.735"" 10.973"

1)See the legend of Table 1. IMean=SD.

Values Wlth all common superscripts within the same column are not significantly different (P<0.05) by ANOVA test.

P<0.05, " P<0.001.

Table 3. Contents of macro-mineral in mudflat solar salts and roasted salt

Typel) Baking time (hr) Ca (ppm) K (ppm) Mg (ppm) Na (ppm)
MSS Solar salt 551.65+1.20" 4,485.15+111.79° 15,377.50+207.18° 361,765+9,171.17°
RS 1 518.3043.39" 3,768.50£713.47° 14,365.00+473.76° 397,535+1,223.29°

2 482.50+61.80° 3,830.50+£498.51° 12,925.00+1,279.86 401,315+544.47°

3 435.75+15.63° 3,115.00+£22.63" 12,465.00£516.19° 395,735£5,225.52°

4 463.70+£25.88° 3,635.50+318.91° 12,290.00+777.82" 391,725+6,668.02°
F-value 4368™Y 2.758"™ 6.426™ 16.128™

1)See the legend of Table 1. Mean+SD.

Values with all common superscripts within the same column are not significantly different (P<0.05) by ANOVA test.

“Not significant. " P<0.001.



Table 4. Contents of anion element in mudflat solar salts and roasted salt

Typel) Baking time (hr) Cl (ppm) Br (ppm) NOs (ppm)
MSS Solar salt 512,297.5045,736.81°% 628.11+4.12° 438.32+8.10°
RS 1 607,650.52+33,765.11° 543.804+22.90° 433.11+250.12°

2 612,305.02+15,067.01° 586.62+13.81° 451.13+186.15°

3 576,965.00+23,634.30°° 512.72+38.00° 309.40+103.41°

4 556,487.52429,675.02% 525.92+22.30° 524.20+112.60°
F-value 8.146" 8.446 0.496™%

"See the legend of Table 1. Mean+SD.

Values with all common superscripts within the same column are not significantly different (P<0.05) by ANOVA test.

Not significant. "P<0.05.
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= YERATHIKO0.001). MSS9] AsE &7 %(0.00 ppm)
S Yehl oy RSE 0.04~0.09 ppmo 2 2354 S7F
H FES BITHX0.05). T3 MSSe] CdE 0.01 ppmo]
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skeFo] 0.39~1.30 ppm, Cd 0.05~0.31 ppm, As 0.01~
0.12 ppm, Hg =2 EAZE014 0.02 ppm F+dS 2L
atlom, Hong (7)< & &5 °lA Pb7l 0.027~0. 191
ppm, Cd+= 0.058~0.078 ppm WY UL B3k v} ¢

o= H Ao MSSolA 242 0.10 ppm, 0.01 ppm, 0.00
ppm, 0.07 ppme. & Ph, CdE Hil Ast= FAFSFS o1,
Heg& tha 52 & dEld 3lo|th RS9 A5 Pbe
0.37~1.16 ppme. & ¥i Cde 1A17HE Al9lstar 0.02
ppm O & Y ghaFe] ol Qlnt. AWk o R Ph I

= A FE FFAG A AEet WE, A 7E Xﬂo},
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Table 5. Contents of heavy metals in mudflat solar salts and roasted salt

Type" Baking time (hr) Pb (ppm) Cd (ppm) As (ppm) Hg (ppb)
MSS Solar salt 0.10+0.00"2? 0.01+0.00° 0.00+0.00° 0.07+0.00°
RS 1 1.16£0.07° 0.10£0.01° 0.09+0.01° 0.27+0.05°

2 0.47+0.05° 0.02+0.00° 0.04+0.00° 0.2440.07°

3 1.14+0.03° 0.02+0.01° 0.06+0.03" 0.20+£0.01°

4 0.3740.04° 0.02+0.00" 0.04+0.00° 0.17+0.01°
F-value 360.521" 90.915"" 10.979" 8.018"

)See the legend of Table 1. Mean+SD.

Values w1th all common superscripts within the same column are not significantly different (P<0.05) by ANOVA test.

P<0.05, 7" P<0.001.
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Table 6. Contents of micro-mineral in mudflat solar salts and roasted salt

T pel) Baking Li Al Cr Mn Fe Co Ni Cu Zn Se Sr Ag U

YPC time (hr) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)

Msg  Solar  047F 252+ 4726 150= 426+ 0.03+ 0.14= 050+ 152+ 005+ 33.62+ 0.00+ 0.0l
salt  0.00%” 001* 001> 001* 006 004 001* 0.03" 040° 001* 083 000" 0.00"

1 224+ 3274+ 140+ 1062+ 10.65= 0.02+ 13.18+ 0.90+ 1551+ 0.19+ 9939+ 030+ 0.03%

0.12°  3.87° 041° 0.68° 0.63® 0.01° 136" 049" 1.90° 0.14° 567° 020® 0.01°

2 146+ 3327+ 122+ 1015+ 13.52+ 0.0l 0.52+ 131+ 1287+ 0.19+ 97.05+ 036+ 0.03+

RS 024™ 037°  027°  0.02 470 001° 018 029" 1.70° 0.00° 7.71° 033" 0.01°

3 1.85+ 2870+ 1.81+ 870+ 12.68+ 0.02+ 1.82+ 1.03= 5.01= 0.17+ 93.66+ 031+ 0.02+

030® 0.43° 097" 038 099" 0.01° 0.86° 030° 152 003" 501° 028" 0.01°

4 1.59+¢ 17.39+ 1.52+ 740+ 18.10& 0.02+ 0.80+ 0.83= 298+ 0.15+ 8825+ 1.06= 0.02+

0.67° 1.97° 089" 027° 054" 001° 003" 059 183 007" 5.01° 0.08 0.00

F-value 7.08 89.206  10.785 198.254" 10.687 0.380""117.51"" 1.145™ 31.593" 1.502™ 53.434°" 6.562° 1.732"™

1)See the legend of Table 1. IMean=SD.

Values with all common superscripts within the same column are not significantly different (P<0.05) by ANOVA test.
*P<0. 05,

“Not significant.

ppm ©]3t= TFA L
1.16 ppmo.& Z71¢

'P<0.01, ~ P<0.001.
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