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Abstract

This study was conducted to provide basic data on the amount of sodium and the setting of permissible error range of actual
measurement, which is a problem for cabbage kimchi nutrients subject to labeling. The sample targeted was baechu (Kimchi cabbage)
kimchi, which might have a large variation in sodium content by part of kimchi. Kimchi samples were collected twice from eight
companies by season (spring, summer, fall, and winter). The average sodium content in kimchi samples was 619+£87 mg/100 g (range,
534463 mg/100 g to 783440 mg/100 g). The error in average annual sodium content of abandonment kimchi (maximum value
difference compared to the minimum value) was 26.8 to 64.3%. Sodium contents in kimchi produced in spring and summer were
relatively low. However, deviation between individuals was large. It was found that cases exceeding the permissible error (120%)
standard varied depending on the criteria for setting the amount of sodium. In addition, due to seasonal differences, sodium content
in kimchi exceeded 120% of the labeling value. Thus, it is necessary to set standards suitable for characteristics of kimchi to prevent
unintentional violations of labeling standards by raw materials and manufacturing processes.

Key words: nutrition labeling, sodium content, kimchi, monitoring

N B =2, 199590 FURAAEE A5 =dT &, JAx FIF#

Al QBEA} E2S o A5t YrhKwon 5 2007,
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2 518 oF RAFE] /1Y L YPHE 5 UES
SR, S AHES v I 7€ 9 5182 ASs
I Th(Fabiansson SU 2006; Kim 5 2021b).

HiER27]4 29 AL FHE7t He s AE 2 £5
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Table 1. Collect of commercial kimchi by manufacturer
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& AlE 5 AxY 2 ALE HEF 97T ZYHPS
3¥5t7] fIsh 871 AN (3009 o) FE AA 2714, 509]
o] 3009 TRt FA| 474, 509 BN JA| 27} 4)E A7
stg o, AdE=Z AzYo] OZE AXE 2744 23] =45}
o] UEE FFS BAI5IATH(Table 1). $HH Al 222021
6dHE 2022\ 2 ABAHE AlFo g, FHiF, ofFHlS, 7F
S5 D AZHFE AMESto] AR Al2E 22 2021
6Y(B 712 21.7C, B 25 91.6 mm), 9Y (B 712
21.3°C, B 745 145.8 mm), 1198 7|2 837C, B
75 58 mm) 9 2002\ 2¥ (Bt 34C, Wt A
20.1m)°] 45kt

ol

2. LIEE 2 &4

AA Y HEF FF2 AEF3A dAEH F vho|A=
ojBHof ulet A H5FHTHMEDS 2021). Microwave system
2 0|&3}o] £4] S 3 T ICP-OES(inductively coupled
plasma atomic emission spectrometer)S ©]-8-5}0] =73}t
Alg BE A8l #+2835H A= 2F 2 g2 teflon vesselo]] F
St &, 70 % HNO; 7 mL, 30 % H,0, 1 mLE #H7F5to]
microwave digestion system© 2 F-5]5} % T} Microwave &3]
Z7AL& oS3 2t 80 C(2 min hold), -1007C(5 min hold),
-130C(3 min hold), -150C(3 min hold), -180C(10 min
hold), —190C(2 min hold)o]™ = ZA-L 600 PSIZ 3}
ot k3ol ¢ £, 8715 523 A8 SFF(182 M=
£7] HHS M F 50 mL PP tubed] FZE 50 go] HE=
SHTE FE3HAH. 045 um syringe filterg ©]-8-35+0f £3]

Sales volume No. of Factor Sub
(Billion won) manufacture Sample quantity ~ Manufacturing date” Seasonal® Repetition total
30¢ 2 2 4 3 96

5~30 4 2 4 3 192

>5 2 2 4 3 96

Total 384

D Interval of two-weeks.
2 Spring, summer, fall, winter.
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Omg/LE 0.5, 0.7, 1.0, 3.0, 5.0, 7.0, & 10 mg/kgO.2
working solution2 A|Z5}o] EFEEZ AHFHI
EZEHOoZ ARESIGTE 0|5 ICP-OESZ H45t0] AFAS
ZAotal Hxot 13 WA #AE Yethlis ZHARR)
& Absto] 217 (linearity)y2 SHATH AH9EH REHT
Ko gHE ZF 5 139 A5 off FS H](signal-to noise
ratio, S/NYE 50 S/NQ] H]&-0] 339 d|Fsh= Z+219] =

£ A& (limit of quantification, LOD)Z 3} 2™, S/N
9] Hl&o] 109 siFot= 79 FEE FFEHA|(limit of
quantification, LOQ)Z AAMIH T At EZH X (relative
standard deviation, RSD)= EZHAS HH O 2 Lizo] WiE

E(%)E AALFSHATE B3 S FL AUe ERQSEAS
YEE dFe SActe] A div] £4Z239] 35s
(recovery, %yS EQISIFTHHa 5 2022).
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4. SHAE|

NRAE BRH BEEAE Feio] Eolsson], R
Project AT EYo](R Foundation for Statistical Computing,
Vienna, Austria)E ©]-8-5to] A|go] wE Zu}gho] s one-
way ANOVA ZHAS AASHATE §9421 3-(p<0.05),
Duncan’s multiple range test2 A% 74435}t

Table 2. Optimized ICP-OES and ICP-MS instrumental
parameters

Descriptions Conditions

RF power 1,400 (W)
Coolant gas flow rate 100 L - min~"
Auxiliary gas flow rate 0.20 L - min~'
Nebulizer gas flow rate 0.80 mL - min
Sample uptake flow 1.50 mL - min !

Nebulizer Concentric type

Spray chamber Cyclonic type

Wavelength (nm) Na (589.6)
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98.5%°] R oH, EHO] AL AAT 5= U=
1.28%= WEFTE Sk (accuracy)= A gko] E24kel
UPL} 7WHEA Yet = 715-01 Eﬂ 91—’?"% A =

2012). wetA EEQISEAS %OL E =
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2. AlEH HiFZO|2X[C| LIEE &3

870 710l A ARt viF271 2] 9] YEF Te 2Y
B3t A7}, Hat 534~783 mg/100 gO 2 EIE i ch(Fig. 1).
A& 3009 o]l HA A AAoA BibE wiFHA
ol HEF T ZUEHHT A3, AAA = 53466 mg/100
gO & FAZFS 401 mg/100 g, HHFES 627 mg/100 gO &
izt 71Eo = @] Aolg WE-EE UEd %
= 56.4%US RISt BAAl= 613445 mg/100 gO.= ]
A 523 mg/100 g, g 627 mg/100 gO 2 QA=
37.7%01 9tk 71 tHe A& 509 o]AF 3009] mIREQl A
47l a0l A ABAHE R 0] UEF oS SISk CHA
£ 571465 mg/100 gO 2 FAZF2 466 mg/100 g, FTZH
750 mg/100 g & Q3= 56.4%°]Qth. DYAE 612+66
mg/100 g0 & FAZHS 490 mg/100 g, HTHZES 805 mg/100
g0 2 QA= 64.3%C|U Tt EPA| = 583482 mg/100 gO 2
| A2 453 mg/100 g, H|THEE2 708 mg/100 gO & A=

1000+
g: a
[}
2 800 c d d B
£
; ~a L @ e
c
a
S 400+
(&)
% 200 -
=
@
0 I 1 I I I | I 1
A B C D E F G H
Manufacture

Fig. 1. Annual average sodium content of commercial
kimchi by manufacturer. ““Means with the different letters at
the same content are significantly different (»p<0.05) by Duncan’s
multiple range tests.
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56.3%°] T FYAL 612438 mg/100 gO& HAZES 542
mg/100 g, FhZHS 687 mg/100 g0 2 Q3= 56.4%0] T},
AuiE 509 wlTk FA| 27] 404 iR wfjS=X o] YE
F % 29E QIR GYA|= 783448 mg/100 gO &
F| g2 693 mg/100 g, Z|THF2 886 mg/100 g & Q@ X}=
27.8%0] 91, HIA= 646452 mg/100 gO.2 FAZHS 561
mg/100 g, FhZHS 780 mg/100 g0 2 Q@ 2F= 39.0%0] Ut}
15719] A& FARIR At HEF S TARRE 7]
&9 Hio] o5t sjFxr|hA e YEE TS Hat
569.58 mgo] T}, 467.33 mg/100 goll 4] 691.95 mg/100 g W
A=, 4k iy Fdigho] 48%& &A Yebgth APAF
o oJstH 1807119 HiFR27| XS] UEF TFa w45k
< | 340~1,230 mg/100 go|2}1 H 1 HH} 910 ™ (Hwang 5
2017), = WAL BiSR7]A] 4059 F71E S BAS
Ao A JEF 3HF0]425~991 mg/100 go]2hal B 115}
Ch(Hwang 5 2019). & A9 AAE FASH] JAE YE
F OF Aot B3-S 9l T & Ql9leH, ik iy
Hh3tY 26.8~64.3%= =A Ut Ao 555 & v

949 HES FFS FYoA 4L TSt

3. AIEE BiFZI|HX| LIES &F

AEE 27|43 UEF &3S 24 2IE Table
30 Yerilen, A YES I3 Aol& Eelshitt
ARQA 9 B F 7heo] Al AA9] UEFE I 24
7t e Aol Hs BT Eolle 4%, 7H2olls 45%2

Table 3. Seasonal average sodium content of commercial kimchi by manufacturer

Hgd - A3l = AEITIEIA
LAkgg HRl Wb o E3 ALZole 10%H9] 2285 1

il
At BPAl= Bl Azt AA9 HEF IF 2280
26%, 52 LARE30%E 7t Aol Azt AR B
3 UEF T LA BUT CAAlE &l Az AAE
A QT 24~25%°] UEF &F 2282 AT DIA=
53] A5l Ax3t AANA 64%The 2 2AES EA
ot BhH Ao YA FA A= 5%2 W2 HEF T
QAEo] ERI=AT EdAlE A5, 7ol ikt AAel
A QAREO] 242} 28%, 33%C1 T FAAlE 7H&ol Akt
AAIMRE, GPAlE &l ARt AAAT 23kl
20%E 9. HYAl= BAAS} "7 = &3 o5l A
29 AANM HEF IF 2280] hoH, 77 28%,
26%°1 . 53] UER ol AE4 a9lo] 7P Atal
HUEY 23 SAsiitt. 53 5ol B ARy
EF dFol 7k 2 Aol QAR A HEHG UEF dFol
W3 AT WA © Zlew, HER gl 2= A
A gAT W2 A gRlst M2 gAE At
ot=Hl Slof ATt viA= FPge] we At 5 3
AEE w59 et H27] o] L] Aol 3o
FES ¥R IFEEST 239 E40] S w2t
A A9)e] Aot A, SAxANA APuFE A=
stole AYJLe| Apo)7b YeEPdth(Kim SD 1997; Lee &
2021). BYET 234 YEF o3 9F= A= 802
Aol 71 Antal dashlt). Eoh AlRdE AlE “E
F T ALE S W, 64%7HA] AolE U= A

(Unit: mg/100 g)

30 Billion won <

5~30 Billion won >5 Billion won

A B C D E F G H
Spring-1 528+43%C  549+16% 516£16F 67635 488424 557+10% 718+7°0 762+14%4
Spring-2 443434 65049 559499 604305 489+21°F 590421°B¢  781+61%BC  631+20™BC

Error value (%)" 44 36 16 29 16 13 27 28
Summer-1 541440 639+73% 498+16" 513+13P 517+15% 625+18"8 768+17 637+39%5C
Summer-2 556£30%EC 6024244 541438°P 70176 562+50%0  617+43°4B  g18+31%B 656378

Error value (%) 18 30 24 64 28 17 18 26

Fall-1 434414 61119 52049°PE  610+17°B 644+59°5C 643128 85614 638+18%5C
Fall-2 580+12°448 62318 604238 558+34%C 6139 624+31°48 756+11% 630+10°5¢

Error value (%) 45 16 24 23 33 22 18 9
Winter-1 599413 610£9d* 659+48° 620+8%F 69611 6404344 785+£33"C  5954£19°P
Winter-2 5911248 619415 66322 612+411°% 6574198 507+9°B 782+185¢ 619+180

Error value (%) 10 8 25 5 13 18 13 13

Any means in the same row (%) or column (*F) followed by different letters are significantly (p<0.05) different by Duncan’s multiple range test.
D Error value (%)=(Maximum value — Minimum value)/Minimum valuex100.
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ARE=T, ol 7129 HEAReE FUTN B UE
A9l 2ol st et Y9 AE ol et A AEy
E4 EA] A}o|7} kil ArEHETHConsumer Korea 2019).

4 UEE 82 BAR ME7IEY MK S| oF
Aobd Ao W Selvets JUPR 45 2do
9 o] wet GFRA 518 0A9] 7)320] A,

YEF9] 3% AA SH72 FAIFY 120% mlgto]ofof gk
o} kA 2 AAEE 343
g 24 43E EUE #AgS A4 B4 9
ARSI AAstlar, AR 4%kl 51823 ¥
(120% "RHE Hlojuh= HIE&S ERISHITH(Table 4).
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718 A%, FATES 18.80971)~75.0367) %= ERIE 10
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o7 #71 A, 4 A AlE-S Ao WAgskA] sk
o, BAgto] WS 47 AA| AFY FHAE 2.1010)~
42%027), LAHL7} 120.4~131.3%2 QI JEF
dFS SIYHULE BT A5, 370 AA AFolA A%t
o] golE|glon, HATEL 420271)~104%((57), 2219
= 120.2~133.9%AS AT 5= AUt ZF AAE v
AR HEE THE AIAREASE 3718 39, 67] AA|
9] AlFolA FAZ}o] W5l o, RAFEL 6.3(37)~
29.2%(1471), QAFH = 120.0~142.4%0] JTh.
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AX 0] Part Az FYsHA) oot UEF EAR)
4A7)2e Gelsttete 44 24z duol 807
(120% B]5hyE Blofuks A0 Shelsitt. npets uj33%|
o 8T 4 Y oA WIS Wersl] g9 AW A
(120% w|]5h), 125% B]gk, 130% H]¥ko & 7|22 HAste] B
AYES FAFATH Table 4)

FAFE FAZEo 2 AAsIe] 3 2AE 125% L 130%
uetow A8 AL, 1) AH ABS AL 77K AA
AE] RAGEo| Fastsrt. A 1EoRE 87 A
AE mE7E BAG iAol 130% e 28 Al 67} Q1A
o] AET AT o] YT RARLS FE T 5
o AT A9, WY 7120 44 AL BAY A
of Hr, 125% & 130% m|gko.R 5823t W9} stelw
2N QA AEW BA Aol =Holeh 125% mlgt me}
130% TIeol A AAE RAGGo] Aastoich. Al A
1A SlRel A9, W 71202 67 A AlEo] HAlgho
2 AFEET 125% 05k o) 57 Q1R AlEol, 130% vl
w374 PR Aol HAGo R BRHIT ojgt 2L A

A jEA Y VEF F HUE 541

Table 4. Ratio of nonconformity based on allowable
error range of sodium content

Sample Error - Nonconformity ratfe (%)
range Min" Avg” Median Q1Y
>120% 75.0 0.0 0.0 29.2
A >125% 64.6 0.0 0.0 2.1
>130% 60.4 0.0 0.0 0.0
>120% 20.8 0.0 0.0 6.3
B >125% 14.6 0.0 0.0 0.0
>130% 12.5 0.0 0.0 0.0
>120% 50.0 2.1 10.4 20.8
C >125% 354 2.1 2.1 14.6
>130% 29.2 2.1 2.1 2.1
>120% 70.8 42 42 10.4
D >125% 52.1 42 42 6.3
>130% 25.0 2.1 2.1 42
>120% 54.2 6.3 0.0 45.8
E >125% 54.2 0.0 0.0 313
>130% 54.2 0.0 0.0 29.2
>120% 18.8 0.0 0.0 0.0
F >125% 6.3 0.0 0.0 0.0
>130% 0.0 0.0 0.0 0.0
>120% 20.8 0.0 0.0 0.0
G >125% 10.4 0.0 0.0 0.0
>130% 0.0 0.0 0.0 0.0
>120% 20.8 42 6.3 12.5
H >125% 14.6 0.0 0.0 42
>130% 12.5 0.0 0.0 0.0

D Min: minimum.
? Avg: average.
) QI: first quartile.

2 54) 7129 58974 712S §AT AL RAT 7154
] o} 130% vlgto 2 st g2l 217 Bast
o2 AmET B3 2 A0l C L DAL AEY UES
Feko] Ajol7} 7| 518-0AE 130% vlvto 2 gt 1
o wgsta 9o AAAZIACINE #LF E4e| 7]
AR 2 QS vl A So| w7 Basi

O

DAY )

i zo

0 o =

QA AWF E/PN) FES G 0HFAY o
] H|oigt Aol 26.8-64.3% LheFoml, B3t o128 A
1A HES Ggo] YrhH R R AL WA 2 7
S ERigieh M GRIA BAE 4 whEe AR
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