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Mineral and Heavy Metal Contents of Salt and
Salted-fermented Shrimp
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This study was carried out to survey the contents of mineral and heavy metal of the commercial salt and salted-
fermented shrimp. Mineral and heavy metal contents of Korean products and imported salts, and their effects
on shrimps were analyzed through ICP-AES/MS. K and Mg contents of Korean salts and salted-fermented
shrimp were relatively higher than these imported ones. However, no significant differences were found for
mineral of commercial salted-fermented shrimps between Korean products and imported ones. Heavy metal
contents of commercial salts lower than the maximum permissible limit set by KFDA. As, Hg, and Ni were not
detected in both commercial and lab-made salted-fermented shrimps. Cd were detected ranges of ND-0.5 ppm
(average 0.1 ppm) for commercial salted-fermented shrimps. Pb were detected ranges of ND-0.8 ppm (average
0.28 ppm) for lab-made salted-fermented shrimps.
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Table 1. List of commercial salted-fermented shrimp for heavy
metal analysis

Sample code Kind Place of purchase ~ Country
A Kwangchun
B Kanek Korea
angkyun
Oh Jeot | angine
TC Dagjeon .
) China
TD Dagjeon
TE Kwangchun
Yook Jeot Korea
TF Kangkyung
TG Kwangchun
TH Kangkyung Korea
TI Kangkyun
Chu Jeot _hangryng
TJ Daejeon
China
TK Kangkyung
TL Dagjeon Vietnam
™ Dongbakha Jeot Dagjeon Korea
N Borisewoo Jeot Daejeon Korea
TO Saeha Jeot Kangkyung Korea
PYA Oh Jeot Mokpo Korea
PB Yook Jeot Mokpo Korea
PC
PD Chu Jeot Mokpo Korea
PF

DT: Salted-fermented shrimps were purchased in the traditional
market.
2p: Salted-fermented shrimps were sold by packages in the retail
market.
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Table 2. Condition of ICP-AES for salt and salted-fermented
shrimp

% o 2

Model OPTIMA 3300 DV
(PERKINELMER, USA)

Instrument lnducFively ‘Co.upled Plasma
Atomic Emission Spectrometer

Gas Ar gas

RF Power 1,500 W (salt), 1,300 W

(salted-fermented shrimp)

0.6 L/min (salt), 0.8 L/min

Nebulizer gas flow rate (salted-fermented shrimp)

Coolant gas flow rate 15 L/min
Axially gas flow rate 0.5 L/min
Sample uptake 1.5 mL/min

0.1,0.5, 1.0 ppm (salt),

1, 5, 10 ppm (salted-fermented shrimp)
AnApure™ MULTI STANDARD
(AnApex Co. Korea)

AnApure™ Indium, 1,000 ppm
(AnApex Co., Korea)

Calibration curve

Standard solution

Internal standard element
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Table 3. Condition of ICP-MS for salted-fermented shrimp

Model X7 series (Thermo Element, England)
Inductively Coupled Plasma

Instrument Mass Spectrometer
Gas Ar gas

RF Power 1250 W

Nebulizer gas flow rate 0.96 L/min

Sample uptake 1.5 mL/min
CeO/Ce <0.02 (2%)
Ba™/Ba’ <0.02 (2%)
Calibration curve 1, 50, 100 ppb

AnApure™ MULTI STANDARD
(AnApex Co., Korea)

AnApure™ Indium, 10 ppm
(AnApex Co., Korea)

Standard solution

Internal standard element
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FE HERIT AF9] FEA0)e A HIFo] 4908,
53.88%, FH4k AAHe] 54.17%, BAFC] 60.19%2 FAA
o] AUFRY} F2 FHolUL, T4t HAYGo] 4k AU
Hrt 22 3has JERY 3lol2e] ghake. Ak HYdo)
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3.2, 1,085-1,860, 3,349-5,160, 0.07 ppmS& HAYFET} AA L}
EF, Cut Na¥lahe 247b 0.11, 396, 423-448,000 ppm o2
HAHET A UePdth Ca, Co, K 2 Mg®] ke =2
ALH2 ZhzF 903-2,140, 0.14-0.22, 2,980-4,949, 9,230-14,065
ppme2 WERd whH F=tak LGS 74zt 765-797, 0.04,
1,970-2,499, 5,230-7298 ppml2 A HAd G o =4
ERdth Cu 3 Na §%2 T AdFe 2+ 0.07, 388,
378-392,389 ppm O &, =4 MU HF- 2zt 0.03-0.04, 386, 132-
386,296 ppm 2.2 F=14t HAGANAM o =4 et o=
Park F(7)8] A7oA 52t AAR9 K, Medako] 44 A
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dE 5 VK FES HARE ik Table 49 20 A2 2 5 AUFE 1.21-2.60 ppm, F4F HUYYGL 1.08-7.80 ppm
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T LA 64%E S MUY ET e S v 7F 046-0.70, 028-1.7 ppmO 2 WhEkiTh
Table 4. Composition of various salts (unit: %)
Kind Origin Water ClTl(())tliiie SO,” cg;s](}))lél[?elit
Shinan (Korea) 9.44° 49.08° 0.21° 0.02*
Sundried salt Tean (Korea) 7.65° 88.90% 53.88* 0.17% ND*
China 6.44° 89.38% 54.17% 0.12* ND®
Purified salt Korea 0.00¢ 60.19* 0.06° ND"
Standard of Salt” =90 =88.0 =54.0 =0.8 =0.02

**Means within the same column different letters differ significantly (p < 0.05).

"It was exhibited on KFDA (3).
“ND: Not detected.
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Table 5. Mineral contents of various salts by ICP-AES (unit: ppm)
Klsna?t()f Origin Ca Co Cu Fe K Na Mg Mn Zn
Tean (Korea) 903 0.22° 0.04° 1.08° 4,949 386,132° 14,065 1.47° 0.28°
Sundried  Shinan (Korea) 1,064 0.14° 0.03° 4.73® 4,085 386,296 11,611° 6.55° 0.29°
o man{horea) 5 1401 - - 7800 2980°  379,888°  9,230° - 1.70°
China 797° 0.04° 0.07% 1.21° 2,499 392,389 7,298° 5.8° 0.46°
765° - - 2.6 1,970% 388,378 5,230« - 0.70°
Purified Korea 132° 0.14° 0.11° 0.14° 1,085 396,423 3,349 0.07° 0.32+
salt 755 - - 320 1,860 448,000° 5160 - 0.20°
*!Means within the same column different letters differ significantly (p <0.05).
UNot tested.
Table 6. Heavy metal contents of various salts by ICP-AES (unit: ppm)
Kind of salt Oringin Cd Pb Hg As
Tean (Korea) 0.11° ND" ND ND
Shi K 0.07° ND ND ND
Sundried salt inan (Korea) 0.30° ND ND ND
Chi 0.21° ND ND ND
na 0.10° ND ND ND
Purified sal K 0.11° ND ND ND
urified salt orea 0.10° ND ND ND
Standard of processed salt”’ =0.50 =2.00 =0.10 =0.50

**Means within the same column different letters differ significantly (p <0.05).
UND: Not detected
It was exhibited on KFDA(3).

Table 7. Mineral contents of salted-fermented shrimp made of different kinds of salts at 18 and 27% salt level by ICP-AES/ MS
(unit: ppm, wet base)

Conc. of salt Kind of salt Ca Cu Fe K Mg Na Zn
Sundried salt (Shinan, Korea) ~ 10,048% 11.76* 22.29° 2,250° 2,544° 64,134° 11.28%
18% Sundried salt (China) 10,363* 11.54° 24.41° 2,169* 1,886" 68,518° 12.12°
Refined salt (Korea) 10,826° 11.04* 20.67° 2,079° 1,250 68,528° 1112
Sundried salt (Shinan, Korea) 9,034° 10.96° 37.62% 2,060° 2,831* 77,120 10.08°
27% Sundried salt (China) 8,595 10.27" 4037 2,142% 2,006" 95,722 10.09°
Refined salt (Korea) 9,404 9.60° 32.91% 2,016° 986° 93,392 9.79°

**Means within the same column different letters differ significantly (p <0.05).
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Table 8. Heavy metal contents of salted-fermented shrimp made of different kinds of salts at 18 and 27% salt level by ICP-AES/MS

(unit: ppm, wet base)

Conc. of salt Kind of salt As Hg Ni Pb
Sundried salt (Shinan, Korea) NDV ND ND 0.2
18% Sundried salt (China) ND ND ND 0.3%
Refined salt (Korea) ND ND ND 0.8
Sundried salt (Shinan, Korea) ND ND ND NDP
27% Sundried salt (China) ND ND ND 0.2¢
Refined salt (Korea) ND ND ND 0.2

**Means within the same column different letters differ significantly (p < 0.05).

UND: Not detected.

Table 9. Mineral contents of commercial salted-fermented shrimp by ICP-AES/MS

(unit: ppm, wet base)

Sample code Ca Fe K Mg Na P Zn
TA 4,345 10.66° 2,201° 3,239° 90,848 2,115 7.69%
TB 4,951% 7.58° 3,176 4,034* 97,029 2,060 8.18%
TC 5,251¢ 11.31¢ 1,229° 2,755 114,598 2,565% 14.87°
TD 4,043 429 1,443% 1,063° 92,711% 1,882¢ 7.01¢
TE 5,370° 7.61° 1,496* 1,549° 80,096¢ 2,766 9.16™
TF 6,097 13.25° 1,246° 828" 122,323¢ 2,704* 9.10™
TG 5,863 15.40™ 1,525¢ 1,304° 121,985 2,569 7.75%
TH 4,732¢ 9.3%° 1,359° 2,550 114,577% 2,389%* 9.71%
TI 3,815 22.11° 1,783° 2,442< 97,493% 1,855¢ 7.11¢
TJ 5,464° 10.01¢ 1,475% 1,054° 124,183¢ 2,250% 5.80°
TK 5,337 10.05¢ L719° 1,490¢ 109,525 2,225%¢ 7429
TL 7915° 15.27% 1,484% 2,814% 86,761° 1,856° 7.80%
™ 5,231¢ 8.99° 1,073 1,972 137,838 2,175k 13.17°
TN 11,166 17.79° 1,444% 3,230° 131,014 2,144 13.55°
TO 6,753™ 24.17° 1,258° 1,294¢ 88,505° 3,1217 7.25%F
PA 3,664 13.42¢ 1,805 1,360° 118,777% 1,396° 5.82f
PB 3,962° 8.94° 1,543 2,538 89,757° 2,037 7.33%f
PC 4,884° 13.42¢ 1,895 2,874 82,804¢ 1,898¢ 6.59¢
PD 7,705° 17.63" 1,608 3,523 102,495% 2,569 10.25
PF 4,976% 2517 1,697 1,697 117,582% 2,376 9.36™

“Means within the same column different letters differ significantly (p <0.05).
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Table 10. Heavy metal contents of commercial salted-fermented
shrimp by ICP-AES/MS (unit: ppm, wet base)

Sample

code As cd Hg Ni Pb
TA ND" ND® ND ND ND
TB ND ND¢ ND ND ND
TC ND 0.2° ND ND ND
D ND 0.3 ND ND ND
TE ND 0.4 ND ND ND
TF ND ND* ND ND ND
TG ND 0.1° ND ND ND
TH ND ND® ND ND ND
TI ND ND¢ ND ND ND
TJ ND 0.2° ND ND ND
TK ND ND* ND ND ND
TL ND 0.4° ND ND ND
™ ND 0.3® ND ND ND
TO ND ND* ND ND ND
PA ND ND® ND ND ND
PB ND ND* ND ND ND
PC ND ND® ND ND ND
PD ND ND¢ ND ND ND
PF ND ND¢ ND ND ND

»eMeans within the same column different letters differ significantly
(p <0.05).
YND: Not detected
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