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BACKGROUND/OBJECTIVE: The aim of this experiments was to show anti-obesity effects of Korean solar salt from different 
salt fields in diet-induced obese mice. 
MATERIALS/METHODS: Diet-induced obesity (DIO) was induced by a high-fat diet (HFD; 45% cal from fat) in C57BL/6J mice 
for eight weeks. The mice were fed with the designated diets (chow diet for Normal, HFD for Control, 0.47%-salt-mixed HFD 
for purified salt (PS), Guerande solar salt from France (SS-G), solar salt from Y salt field (SS-Y), solar salts from T salt field 
(SS-T) and S salt field (SS-S)) for another eight weeks. We checked body weight, food efficiency ratio (FER) and tissue weights 
(liver and epididymal adipose tissue (EAT)), and observed serum concentrations of triacylglycerol (TG), total cholesterol (TC), 
leptin and insulin. We also evaluated gene expressions of adipogenic / lipogenic mRNAs of C/EBPα, PPARγ and FAS and 
beta-oxidation-related factors (PPARα and CPT-1) in liver and EAT. The mineral composition of salt samples were analyzed 
using inductively coupled plasma optical emission spectrometry (ICP-OES).
RESULTS: SS-T and SS-S significantly reduced body weight gain, FER, and weight of EAT compared to control and other samples 
(P < 0.05). SS-T and SS-S also significantly decreased serum levels of TG, TC, leptin and insulin (P < 0.05). SS-T and SS-S suppressed 
expressions of adipogenic / lipogenic mRNAs in liver and EAT, while promoting expression of beta-oxidation-related factors. 
The lowest sodium concentration was observed in SS-T (30.30 ± 0.59%), and the lowest sodium-to-potassium (Na/K) ratio was 
found in SS-S (17.81).
CONCLUSIONS: Our study shows that well-processed Korean solar salt may have anti-obesity effects in vivo, probably owing 
to its differences in mineral composition and other components, presumably resulting from the manufacturing processes. Further 
research is needed into the mechanism and to explore optimal manufacturing processes. 
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INTRODUCTION9)

Table salt is an essential condiment and is available as solar 
salt, purified salt, and processed salts such as bamboo salt, all 
of which have unique mineral content and processing method 
[1]. Solar salt, defined as “a crystalline material obtained from 
sea water by natural evaporation in salt fields,” contains 
92.4-94.4% of sodium chloride, and other minerals including 
potassium, magnesium, calcium, while purified salt, which is 
manufactured by evaporation of sea water after dialytic 
condensation, is 99.9% sodium chloride [1-3]. The mineral 
compositions of solar salts depend on the salt field [4], the 
duration of aging and manufacturing process [5]. Fleur de Sel, 
solar salt from Guerande, France, is abundant in minerals like 
calcium, magnesium, and potassium. However, solar salt 

produced in Korea contains more minerals than European salt 
[6]. Solar salt possesses anti-cancer properties in sarcoma-180- 
transplanted mice, lower mutagenic effect in comparison with 
purified salt and anti-hypertensive effect in Dahl salt-sensitive 
rats [7-9]. Obesity is characterized as an abnormal increase in 
body fat due to dysregulated energy homeostasis; untreated 
obesity is associated with type 2 diabetes, hyperlipidemia, 
atherosclerosis, hypertension and even osteoarthritis [10-12]. 
Bamboo salt, possibly owing to higher concentration of minerals 
(potassium, calcium and sulfur) than other commercially- 
available salt, has an anti-obesity effect [13], while differences 
in suppression of obesity by the different origin of Korean solar 
salts have not been researched. Thus, we have selected 
representative solar salts from different salt fields in Korea, 
along with Guerande solar salt from France and purified salt, 
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to be tested and compared for anti-obesity effects and related 
markers in the serum and tissues in mice with diet-induced 
obesity (DIO).

MATERIALS AND METHODS

Samples, preparation of the experimental diet, and mineral 
analyses

Solar salt was obtained from different salt fields as follows; 
Y Corporation (Tae-an-gun, Chungcheongnam-do, South Korea; 
SS-Y), T Corporation (Shin-an-gun, Jeollanam-do, South Korea; 
SS-T), S Corporation (Shinan-gun, Jeollanamdo, South Korea; 
SS-S), and Sas Bourdic Co. (Guerande salt; Batz-sur-Mer, France; 
SS-G). Purified salt was provided from H Corporation (Ulsan, 
South Korea; PS). 

Each salt sample was mixed into a high-fat diet (45% calories 
from fat; TD.06415. Harlan Laboratories, Madison, WI, USA) at 
0.47% (wt/wt). The daily dosage administered was equivalent 
to 5 grams for a 60-kilogram human [14]. AIN-76A, which was 
administered to Normal group, was purchased from Samtaco 
(Osan, Gyeonggido, Korea)

Salt samples, heat-dried at 60°C for 12 hrs, were analyzed for 
mineral composition by ICP-OES (inductively coupled plasma 
optical emission spectrometry) using an Optima 8300 unit 
(Perkin-Elmer, Waltham, MA, USA), in accordance with EPA 
(Environmental Protection Agency) method 6010 [15]. 

Animal study
Male C57BL/6J mice (6 weeks old, 16-18 g) were purchased 

from Samtako Bio Korea (Gyeonggi-do, South Korea). After 
obtaining study approval from the Institutional Animal Care and 
Use Committee (PNU-IACUC; PNU-2015-0889) of Pusan National 
University in Busan (Korea), animals were housed under a 12-h 
light/dark cycle at room temperature with ad libitum access to 
food and water. Animals were randomly divided into eight 
groups of ten mice per group as follows; a chow-diet-fed group 
(Normal), an HFD-fed group (Control), and HFD + PS, HFD +
SS-T, HFD + SS-Y, HFD + SS-S, and HFD + SS-G groups. DIO was 
induced in all groups except for a Normal group feeding with 
an HFD for the first eight weeks, and appropriate experimental 
diets were then administered for the next eight weeks. Body 
weight and food consumption were measured twice weekly. 
Food efficiency ratio (FER) was calculated by dividing total 
weight gain with total food intake, from week 0 to week 16 
[16].

At the end of the 16-week experimental period, mice were 
sacrificed without fasting [17], and tissues were harvested, 
weighed, snap-frozen in liquid nitrogen, and stored at -80°C 
until required. Plasma was obtained from blood collected from 
abdominal aortas by centrifugation at 3,000 × g for 10 min and 
stored at -80°C until analyzed.

Serum levels of triglyceride, total cholesterol, leptin, and insulin 
Serum levels of triglyceride (TG), and total cholesterol (TC) 

were determined using commercial assay kits purchased from 
Asan Pharmaceutical (Seoul, South Korea). Serum insulin and 
leptin levels were also determined using commercial ELISA kits 
(R&D Systems, Minneapolis, MN, USA).

Reverse transcriptase polymerase chain reaction (RT-PCR)
mRNA extraction and cDNA constitution from tissues were 

performed with slight modification [18]. Amplification was 
performed over 40 cycles of 94°C for 1 min (denaturing), 54°C 
for 1 min (annealing), and 72°C for 30 sec (extension) followed 
by a final 72°C for 7 min. Gene expressions were quantified 
using Image J software (NIH, Maryland, MD, USA), and β-actin 
was used as an internal control. The sequences of the primers 
used were as follows; β-actin (5’-TGA AGG TCG GTG TGA ACG 
GAT TTG GC-3’ (forward), 5’-CAT GTA GGC CAT GAG GTC CAC 
CAC-3’ (reverse); NM_008084.3), CCAAT/enhancer-binding protein 
alpha (C/EBPα; 5’-CAA GAA CAG CAA CGA GTA CCG-3’ (forward), 
5’-GTC ACT GGT CAA CTC CAG CAC-3’ (reverse); NM_007678.3), 
peroxisome proliferator-activated receptor alpha (PPARα; 5’- 
TCA GGG TAC CAC TAC GGA GT-3’ (forward), 5’-CTT GGC ATT 
CTT CCA AAG CG-3’ (reverse); NM_001113418.1), peroxisome 
proliferator-activated receptor gamma (PPARγ; 5’-TCG CTG ATG 
CAC TGC CTA TG-3’ (forward), 5’-GAG AGG TCC ACA GAG CTG 
ATT-3’ (reverse); NM_013124.3), fatty acid synthase (FAS; 5’-GCA 
CCT GCA GAT CCT TTG AT-3’ (forward), 5’-GTC CCG GCA TTC 
AGA ATA GT-3’ (reverse); NM_007988.3), and carnitine palmitoyl 
transferase I (CPT-1; 5’-TAT CGC CAC CTG CTG AAC C-3’ 
(forward), 5’-TTG AAG GTG ACG AAG GTG GT-3’ (reverse); 
NM_153679.2).

Statistical analysis
Results are presented as means ± SDs. The significance of 

differences between mean values were assessed using one-way 
ANOVA with Duncan’s multiple range test. Null hypotheses of 
no difference were rejected if P-values were less than 0.05. The 
analysis was performed using SAS v 9.1 software (SAS Institute 
Inc., Cary, NC, USA).

RESULTS

Changes in body weight, food efficiency ratios and weights of 
epididymal adipose tissue

During the salt-treatment phase (week 9-week 16), HFD 
administration promoted weight gain in Control (7.9 ± 0.9 g) versus 
the Normal group (5.6 ± 1.0 g). Among the salt-administered 
groups at the same period, however, the HFD + SS-T (3.8 ± 0.4 
g) and HFD + SS-S (4.1 ± 0.7 g) groups gained significantly less 
weight than Control (P < 0.05). Body weight gain of HFD + PS 
(6.1 ± 1.3 g), HFD + SS-Y (6.3 ± 0.9 g), however, was not signifi-
cantly different from the Control, and HFD + SS-G (7.5 ± 1.3 g) 
adversely gained more weight than Control (P < 0.05) (Table 1). 

The lowest food efficiency ratio (FER) occurred in the HFD 
+ SS-T group (4.4 ± 0.6%), significantly less than the Control (6.3 
± 0.4%; P < 0.05) followed by HFD + SS-S (4.8 ± 0.3%), HFD +
SS-Y (5.2 ± 0.3%), HFD + PS (5.6 ± 0.6%) and HFD + SS-G group 
(6.2 ± 0.8%).

Epididymal adipose tissue (EAT) weights in the HFD + SS-S 
group (1.53 ± 0.05 g, P < 0.05) were significantly lower than in 
the Control, and not different from Normal, followed by the 
HFD + SS-T (1.61 ± 0.04 g), HFD + SS-Y (1.67 ± 0.02 g) and HFD 
+ SS-G groups (1.69 ± 0.03 g) (Table 1).
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Experimental group

Body weight
Food efficiency ratio 

(FER)1)

(%)

EAT weight
(grams)Initial

(grams)
Week 8
(grams)

Week 16
(grams)

Weight gain
(treat. period;

grams/56 days)

Normal2) 23.8 ± 0.6NS 29.1 ± 2.2b 34.6 ± 1.8b 5.6 ± 1.0c 3.1 ± 0.8f 1.48 ± 0.05d

Control2) 23.8 ± 0.7 40.9 ± 2.0a 48.7 ± 1.7a 7.9 ± 0.9a 6.3 ± 0.4a 1.78 ± 0.02a

HFD + PS2) 23.8 ± 0.8 42.3 ± 2.9a 48.3 ± 3.4a 6.1 ± 1.3c 5.6 ± 0.6bc 1.76 ± 0.03ab

HFD + SS-G2) 24.0 ± 0.5 41.7 ± 4.2a 49.3 ± 4.2a 7.5 ± 1.3ab 6.2 ± 0.8ab 1.69 ± 0.04b

HFD + SS-Y2) 23.9 ± 0.6 42.8 ± 1.6a 49.1 ± 2.1a 6.3 ± 0.9bc 5.2 ± 0.3cd 1.67 ± 0.02ab

HFD + SS-T2) 24.1 ± 0.6 42.5 ± 2.5a 46.3 ± 2.7a 3.8 ± 0.4d 4.4 ± 0.6e 1.61 ± 0.04bc

HFD + SS-S2) 24.0 ± 0.9 42.1 ± 1.8a 46.2 ± 1.3a 4.1 ± 0.7d 4.8 ± 0.3de 1.53 ± 0.05cd

* Values are presented as means ± SD (n = 10).
a-d Means with the different letters in each column are significantly different (P < 0.05) by Duncan’s multiple range test.
NS Not significant.
1) Food efficiency ratio = 100 × {(weight of week 16) - (weight of week 1)} ÷ (total amount of feed consumed).
2) Normal: chow diet; Control: high-fat diet (HFD; 45% calories from fat); HFD + PS: HFD supplemented with 0.47% of purified salt; HFD + SS-G: HFD supplemented with 

0.47% of solar salt from G Co.; HFD + SS-Y: HFD supplemented with 0.47% of solar salt from Y Co.; HFD + SS-T: HFD supplemented with 0.47% of solar salt from 
T Co.; HFD + SS-S: HFD supplemented with 0.47% of solar salt from S Co.

Table 1. Changes in body weight, food efficiency ratio, and EAT weight after treatment with solar salts

Experimental group TG (mg/dl) TC (mg/dl)

Normal 154.5 ± 2.2c 100.5 ± 1.7f

Control 160.5 ± 1.7b 190.0 ± 0.8c

HFD + PS 164.2 ± 2.2a 189.5 ± 3.2c

HFD + SS-G 143.5 ± 0.7d 205.3 ± 1.0a

HFD + SS-Y 142.6 ± 3.6e 196.3 ± 1.4b

HFD + SS-T 134.2 ± 2.2f 163.3 ± 1.1e

HFD + SS-S 120.9 ± 1.4g 165.1 ± 1.1d

* Values are presented as means ± SD (n = 10).
a-g Means with the different letters in each column are significantly different (P < 0.05) 

by Duncan’s multiple range test.

Table 2. Changes in triacylglycerol (TG) and total cholesterol (TC) induced by the
8-week administration of salt in an HFD

Concentration (%)

PS1) SS-G1) SS-Y1) SS-T1) SS-S1)

Na 38.90 ± 0.56b 37.87 ± 0.39c 57.97 ± 1.21a 30.30 ± 0.59e 34.61 ± 0.72d

Mg  0.02 ± 0.00e  0.23 ± 0.00d  1.57 ± 0.02a  1.32 ± 0.00b  1.25 ± 0.01c

K  1.01 ± 0.02d  0.30 ± 0.00e  1.98 ± 0.03a  1.62 ± 0.02c  1.94 ± 0.01b

Ca  0.02 ± 0.00e  0.16 ± 0.00b  0.07 ± 0.00d  0.24 ± 0.00a  0.11 ± 0.00c

S  0.01 ± 0.00e  0.25 ± 0.00d  1.01 ± 0.01b  1.03 ± 0.00a  0.73 ± 0.00c

Zn  0.00 ± 0.00NS  0.00 ± 0.00  0.00 ± 0.00  0.00 ± 0.00  0.00 ± 0.00

Pb  0.00 ± 0.00NS  0.00 ± 0.00  0.00 ± 0.00  0.00 ± 0.00  0.00 ± 0.00

Cd  0.00 ± 0.00NS  0.00 ± 0.00  0.00 ± 0.00  0.00 ± 0.00  0.00 ± 0.00

As  0.00 ± 0.00NS  0.00 ± 0.00  0.00 ± 0.00  0.00 ± 0.00  0.00 ± 0.00

Na/K 38.45 124.56 29.21 18.69 17.81

* Values are presented as means ± SD (n = 3).
a-e Means with the different letters in each row are significantly different (P < 0.05) 
by Duncan’s multiple range test.
NS Not significant.
1) PS: purified salt; SS-G: Guerande solar salt; SS-Y: solar salt from Y Co.; SS-T: 
solar salt from T Co.; SS-S1) PS: purified salt; SS-G: Guerande solar salt; SS-Y: 
solar salt from Y Co.; SS-T: solar salt from T Co.; SS-S: solar salt from S Co.: 
solar salt from S Co. 

Table 3. Mineral proportions of salt samples determined by ICP-OES

Serum analysis; triacylglycerol, total cholesterol, leptin and insulin
Among the salt-administered groups, the HFD + SS-S group 

had significantly lower TG levels (120.9 ± 1.4 mg/dl, P < 0.05), 
followed by the HFD + SS-T (134.2 ± 2.2 mg/dl), HFD + SS-Y 
(142.6 ± 3.6 mg/dl) and HFD + SS-G groups (143.5 ± 0.7 mg/dl). 
Conversely, the HFD + PS group showed higher TG level (164.5 
± 2.2 mg/dl) than Control (160.5 ± 1.7 mg/dl) (Table 2). 

The lowest TC concentration among the salt-administered 
groups occurred in the HFD + SS-T group (163.3 ± 1.1 mg/dl, 
P < 0.05), followed by the HFD + SS-S (165.1 ± 1.1 mg/dl) and 
HFD + PS groups (189.5 ± 3.2 mg/dl). Conversely, the HFD +
SS-G group showed a higher TG level (205.3 ± 1.0 mg/dl) than 
the Control (Table 2).

The leptin concentrations in salt-administered groups were 
significantly lower than in the Control (4.8 ± 0.3 ng/mL). The 
HFD + SS-T (3.1 ± 0.3 ng/mL) and the HFD + SS-S (3.3 ± 0.1 
ng/mL) group had the lowest leptin level, followed by HFD + 
PS, HFD + SS-Y and HFD + SS-G (Fig. 1A). 

Administration of HFD significantly increased the serum 
concentration of insulin (17.2 ± 0.1 ng/mL; P < 0.05) versus the 
Normal group (6.9 ± 0.7 ng/mL). The lowest insulin concentration 
among the salt-administered groups was observed in the HFD 
+ SS-S group (13.0 ± 0.4 ng/mL, P < 0.05). On the other hand, 
HFD + SS-Y group had the highest insulin among the salt- 
administered groups (17.2 ± 0.1 ng/mL) (Fig. 1B).

mRNA expression of adipogenic-/lipogenic- and β-oxidation- 
related factors in the liver and EAT

The hepatic expression of peroxisome proliferator-activated 
receptor gamma (PPARγ) in the Control was 4.04 fold higher 
than the Normal group, but its expression was suppressed in 
the HFD + SS-S (0.00 fold) and HFD + SS-T (0.53 fold) versus the 
Control. HFD + SS-Y adversely boosted its mRNA expression by 
1.95 fold higher than the Control. The expression of fatty acid 
synthase (FAS), in comparison with the Control, was suppressed 
in the HFD + SS-T (0.33 fold), HFD + SS-S group (0.63 fold), while 
HFD + SS-Y and HFD + PS showed higher expression levels of 
1.41 fold and 1.35 fold of Control, respectively. The strongest 
carnitine palmitoyltransferase type 1 (CPT-1) expression, in 
comparison with the Control to have its expression level of 0.35 
fold of that in Normal, was observed in the HFD + SS-T group 
(4.40 folds) (Fig. 2A), followed by HFD + SS-S (2.68 folds) group. 
The expression level in HFD + PS group was the lowest among 
the salt-administered groups (0.68 fold) (Fig. 2A).
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(A)

  

(B)

Fig. 1. Changes in serum concentrations of (A) leptin and (B) insulin by administration of salt samples to diet-induced obese mice. * Results are presented as means 
± SDs (n = 3). a-d Means with the different letters on the bars are significantly different (P < 0.05) by Duncan’s multiple range test.

(A)

(B)

Fig. 2. Changes in mRNA expression of obesity-related factors in (A) liver and (B) EAT by administration of salt samples to diet-induced obese mice. * Results are presented 
as means ± SDs (n = 3). a-g Means with the different letters on the bars are significantly different (P < 0.05) by Duncan’s multiple range test.
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The strong suppression in expression of C/EBPα of EAT, in 
comparison with the Control (47.5 folds of Normal), occurred 
in the HFD + SS-T group (0.05 folds) and HFD + SS-S (0.37 fold). 
Conversely, HFD + SS-Y (1.23 fold) and HFD + PS group (2.19 
folds) had higher expression levels than the Control. The lowest 
expression level of PPARγ, in comparison with the Control (16.5 
folds of Normal), occurred in HFD + SS-T group (0.03 fold) and 
HFD + SS-S (0.29 fold). Conversely, HFD + PS (1.16 fold) and HFD
+ SS-Y (1.25 fold) groups had higher levels than Control (P < 

0.05). In addition, the expression level of PPARα in Control was 
0.84 fold that in Normal group. However, expression levels of 
HFD + SS-S and HFD + SS-T groups were higher than HFD + PS, 
HFD + SS-G and HFD + SS-Y (Fig. 2B).

Mineral composition of salt samples
The highest concentration of sodium was found in SS-Y (57.97 

± 1.21%), followed by PS (38.90 ± 0.56%) and SS-G (37.87 ± 
0.72%). SS-T had the lowest concentration of sodium (30.30 ± 
0.59%), followed by SS-S (34.61 ± 0.72%). The lowest potassium 
concentration was observed in SS-G (0.30 ± 0.00%), followed by 
PS (1.01 ± 0.02%), while the highest concentration of potassium 
was found in SS-Y (1.98 ± 0.03%), followed by SS-S (1.94 ±
0.01%) and SS-T (1.62 ± 0.02%). The Na/K ratio was the lowest 
in SS-S (17.81), followed by SS-T (18.69) and SS-Y (29.21), while 
SS-G had the highest (124.56) followed by PS (38.45) (Table 3).

DISCUSSION

Administration of solar salt samples from different salt fields 
resulted in different changes in body weight gain, FER, and 
weight of EAT. SS-S and SS-T suppressed those factors more 
strongly than SS-Y, PS and even SS-G. Weight gain suppression 
was stronger in the SS-T and SS-S groups than other salt groups, 
even surpassing Normal. 

The food efficiency ratio (FER) can be used as a scale of 
obesity, and a low FER is a powerful predictor of reduction of 
obesity without possible anorectic activity [16]. It may thus be 
inferred that administration of Korean solar salt in a DIO model, 
especially HFD + SS-T and HFD + SS-S, suppresses weight gain 
and reduces serum lipid without changing dietary intake. 

HFD-administered mice generally showed higher TG and TC 
concentration. Mice in HFD + SS-S and HFD-SS-T group, however, 
had significantly lower serum TG and TC concentration than 
Control. The present study shows that Korean solar salts, 
especially SS-S and SS-T, significantly reduced leptin and insulin 
concentrations, which suggests they may be able to suppress 
TG accumulation in adipose tissue by their unique chemical 
features. Clinically, high sodium intake is associated with a high 
serum leptin concentration, high serum insulin concentration, 
and insulin resistance [19,20]. Owing to low sodium content 
and Na/K ratios, Korean solar salts may suppress the progress 
of obesity and eventually contribute to reductions in serum 
insulin concentrations. PPARγ is expressed in liver and adipose 
tissues, either alone or in cooperation with C/EBPα via a positive 
feedback mechanism, and induces the transcription of adipogenic 
genes like FAS [21,22]. Therefore, reduction in expression of 
these factors is of high importance; fortunately, SS-T and SS-S 
produced that reduction. On the other hand, PPARα induces 

the transcription of β-oxidation-related factors such as CPT-1 
[23]. Significant liver weight reduction was achieved in HFD + 
SS-T (2.1 ± 0.2 g; P < 0.05) and HFD-SS-S (2.2 ± 0.1 g; P < 0.05) 
in comparison with HFD-fed group (2.7 ± 0.1 g) (data not shown). 
Based on these findings, Korean solar salt, especially SS-S and 
SS-T, suppresses the expression of adipogenic- and lipogenic 
factors (PPARγ, C/EBPα, and FAS), promotes the expression of 
β-oxidative factors (PPARα and CPT-1), and reduces fat 
accumulation in the liver and EATs. 

Rats on a high sodium diet (3.12% Na+) have more adipose 
tissue mass than those fed a normal sodium diet (0.5% Na+) 
[24]. A strong association exists between obesity and urinary 
Na/K ratio, and a high intake of sodium and a low intake of 
potassium are positively associated with a high total body fat 
percentage [25]. Solar salts in Korea, especially SS-S and SS-T, 
have a lower Na/K ratio than other solar salts, so these specific 
features of Korean solar salts might have partially contributed 
to anti-obesity action. The only difference made to the HFD 
was addition of salt at a concentration of 0.47%, which 
corresponds to the human dose of 5 grams per day. Oral 
administration of bamboo salt, which has more minerals than 
other salt samples, suppresses progression of obesity in vivo, 
reflected in reduced weight gain, lowered FER, suppressed 
expression of adipogenic factors, etc [13]. Conversely, it was 
reported that supplement of dietary sodium with a high-fat diet 
at a concentration higher than 1% suppresses weight gain by 
reduction in digestive efficiency, potentially due to suppression 
of rennin-angiotensin system [26]. Our in vitro research using 
3T3-L1 adipocytes revealed that solar salt prepared with new 
concentrated salt water, instead of using mixture of new and 
recycled concentrated salt water, significantly suppressed gene 
expression of adipogenesis (C/EBPα, SREBP-1c) / lipogenesis (LPL, 
FAS) and promoted lipolysis (PPARα, CPT-1), even in the same 
salt field (data not shown). 

Our future research will examine the differences among salts 
as well as the total mineral compositions and ratios, and 
processing methods of salt. Differences in salt fields seem to 
occur due to different manufacture methods, environmental 
factors surrounding salt fields, and chemical compositions 
including minerals and organic phytochemicals, etc. Also, we 
assume that turbitidy of concentrated salt water in Hae-Ju 
(temporary storage of concentrated salt water in the salt field) 
seems to change the patterns of crystallization, mineral 
composition, taste and functionality of solar salt. Thus, detailed 
investigation on mechanisms of functionality, as well as 
manufacturing methods and the active compounds of solar salt 
are needed in the near future.
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