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A study on the development of analytical methods for undesignated food additives in Korean foods
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Abstract

Processed foods using food additives designated as
the other countries but not yet in Korea can be mixed
and distributed among imported foods in Korea.
Accordingly, it is necessary to develop an analysis
method of undesignated food additives in order to
continuously monitor. This paper introduced a study on
the development and validation of analytical methods
conducted in academia. The development of analytical
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methods was conducted using the analytical methods
presented in previous studies. We first exhibited
that simultaneous analysis of 12 food dyes was easy
to reproduce, but the second introduced analytical
method of emulsifiers cannot be utilized analysis
using expensive equipment not provided in general
laboratories, and it is difficult to reproduce due to the
old publications. Therefore related national institutions,
research and industry-academia circles need to
constantly conduct research on the development of
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analytical methods for undesignated food additives.

Keywords: food additives, analytical method validation,
ICH guideline, food dyes, emulsifiers

A Aol tigh Aol aE|Re] 8k |
Z7Reh ks FARA BAS) oFE Frgel 27
= WEE A= gy, AEA o] WEdt ey
2, LS} Ales o SHEN of
22 B4 9 B4 24 5 78 SX&
HES Az - 7FEtE BN

A7 REo] ARgEtHBorras E, 2015). %-2u=t
o A= 19621 AlE Aol Al - FEEHA 4]
FH7H=C Jido] A ==, Ad) A&
A A 22 23] ot AlFTREClH 4SS
Az - 7hy - 2| s HESke I oA 7], 2k
A3 = ABPIR] 5& HR O AEo ARE-
2SIy, o] B9 71+ - 87 - TS AL
Sh= Hlofl ARgEo] AR AFoR
U= B4 ZsI R Aostar qlrk
PR, 2016). FAH O R A AE
(CODEX, Codex Alimentarius)ol|A “4]
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7FEl BYe ERA Gtk R FAS 910
v, % %3k #E(EU, Buropean Union)2 “3%
o] ANAOR 1 A} AFS.
E4S M A% AREE A

stat Aol 3935 (2022)

SEA] o= =S 9uiditt 3, 7]1eA ] o)
2 AZ, 7hy, 2, FE, 2, &% B B
ol A AlZo QA o2 7Kg AutE T ARA| E
= 1 Aol A1 = IR A o 2 AE0] SHAdA]
=0l E|AY, 187 A Aol e|H o= o4
= B2 oS CODEX, 2014; EU, 2008), =+
7hE A E3H w7k Ak A E4] ol Eet AEF
7HeS A olsh= ol 2he] 2po] 7} Qlrh(4)E9]
OFEQPHA], 2017).

7 AES ol Aok ATl HiR
Ao A1 2] QFAAL AnjAEL] T4 o] &
ThHLee, 2009). oA AMEE= AEH7He
SH ZAE v & P W e & AL
e Qe 71+ D ARE7]E0] §-8E] o] 4]
Foll ARg-Holle Etstal, A2} thgmiA| Q] 2=
ARl gof AR 2 HSEA] b2 AEof tfigh A
71748 Brof AFAIA ] F7F vAIE 5o 4]
FH7F=9 Aol tiRt &5 Al7IsHAA 7
A13E W AlEH7EEe] B2 a6 HF ARSETHA

7%l falieh FaF2 vx= sdolehs 2H
QA4S ZH| =]o] anjrte] EQtt BALE 7HaAl7]
= 235 ZHeAHEEEAAR AT, 2015;
Lee 5, 2014), o]2|gt AE3H7Ha-& 7 75410l
A BHO 7 sk= 7]50] ey B Vs 9
o Hahe-S doyl= Y wRE Aol of
3 A7} 28] A= T QrHKwon 5, 2007).
oA AFH7FES AR Tele o) et
A Q4 F AR S HIkste] ARGl 17
H EHEN o ARGEARE BRIt A W
A HRE Bt AERTREY] Ve 4 A
2 UG EA T AHF AR L A% F
AFAEHS ste] BHrReE 194318185
(ADI, Acceptable Daily Intake)y} 14Z|thAdF ek
(TMDI, Theoretical Maximum Daily Intake)< 7
Esto] TMDIZ}F ADIE 21}6H4] es 7]&E& A
A5k, FAO/WHO s A&7 A&7t 143
(JECFA, Joint FAO/WHO Expert Committee on
Food Additives), CODEX & =A|7|7Lof| A 2] oA
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7h AT U g7 ET Seubere] AEHA W
52 okl Bot Q) BrLE F) ololxlct
(Choi &, 2009; Choi, 2016).

bz AEsle AEAIC] E4o] Dot AlE
HHBO) 712514 D ARE7IET: olol Hhat Helvk
chEm, AAE ARHsIRe BR ER Aelslth
olel] wet Aleel A AEHIRE AFHe] 9]
oL} ol A oba] MAHA gk mlAA A%
712l Tisle] 4:9)41% B BYU7EAE WAISHA)
OFE 4= glck. olol] whe} A SLEEA g 4]
FY7HRo| SUAEORE AL AEH
o] AHE7Fs B o]2) thak AFolA] HElo]
ABHIEEA g1l Sl At st
71 e}, olefat u] g AREH o] /Al
o] - welEA 0= FelEo] 49 U fEHolE
S oby 714 8 Bapo] uliselg)
A] gkt AAZQL QPaT7E olele AgolchLee
%, 2014), ool EmoA B A Ao 2
A7} s Thol =kl e s, A selA 2
) S g AR A A Ao
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ofg] 71A] s+4o] et 1 F Ao = CODEX
A%, AOAC RIE|WAd(Association of Official
Analytical Chemists International)®] 3-4] &4
W za @ A 223} 7]7H(1S0, International
Standards Organization), EU 4 HE&, 1=k

(USP, United States Pharmacopeia), =A||2]2FE
TAI 2319 3](ICH, International Conference on
Harmonization) 7}o] =2kl 5o St} ohefgt &
ofef| -S-&== A HFe 2 - gnet B4 o
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2. MY HF IoIEERI Mg &8

At 300 | o 24N HSol ek B =
o7} QIGiTt, 19909 wml= AlELJef=(FDA, Food
and Drug Administration)@} w]=+ 2Fs}S|(AAPS,
American Association of Pharmaceutical Scientists)
7} F2_E fAEA A S AR T =Y
7 A5 o]FoHet, o] =9jolA B HE
ol 5o, e, b, A=, wiki=, ARA
o UnkAQl 2|30l AlFE o, 19921 UTH o]
25 HaAs dd A A5 7127 =L
t}, FDA €jolle th2 A 7|3 9 22 of| A = AR
Asoll tiet =47} o|Foi 5}, fHollA= 1990¢
ICH7} A& =0} 1994—1996\ 0]l 27} olsf 7t
H AAE GJokE 552 FI3h 7l 8- Al Z3510
WSE A 3)9] “Validation of Analytical Procedures
Q2R1)™lIA A1 HZoll thsf k3t w4 2fsh
o) dP o2 FA] FA19] Hasdo] WHlsA 19991
o]l FDAOIA] “AF-8 A7 2% A= &4 d5 =
g, 22RE 109 F F i fga2belA 10
| et S48 FEE sRote] ol vies 2001
Aol 341 A “aH-8 AR AR AS ol W

[e]

15 cHGonzdlez, 2014), W2 Al Alof|A o] 71o]
zERRlof| oJAgH HF HAE FEIoH, o] o]
& 7hol=ERle] 2407 Hpxsle] 7|& sho|=at
Qlo] HtET AR Zlo|=aRlEo] ARt
(Hubert, 2004)). gAIH 0= HAH A52] F24Jo]
AR AA [ JFE7-HEMA, European Medical
Agency), Bepg AE0]oREQIS(ANVISA, Agencia
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Nacional de Vigilancia Sanitaria), Q& SA-54
(MHLW, Ministry of Health and Labor Welfare) 5
of Al A o] thgl Zlo|=aiRlE A|AISkAL it @
=9 oe] FA 7)delA S HeE Ak Q)
o, B4 7]719] A&5A]] Wy 7R B &
o] FAe 2 sl olF Al flste] W et
Z(QA, AL, B4 FkA), e} 5)e o] Y
Hz27F Zasitt, oA e AR 7 dAtollA
AR HF] Fo/do] tiFE|AL ST}, AlEe|oREqt
Ao A= 2004 TojoRE 5 AR ] Wefdo) A
of thgt 7holEal (& AR 0= sl A, 2016
Hojli= ICHef| 7FYste] ICH -0l Frofshy ojof=
o] F4, A, fa/doll High 7hol=ekl A &
THA| Z3}ol| A 07 Zrojsiar Qlrt,

-3, ICH Zfo|=2tel

HFTH o=, BAY HFL A= 7o) 4
ot B4 3 7)ol Fdele RSk AR/
HE A= Aotk E4Y HES Alsks thefst
713l QAL ICH= 71 K& o &2 Q1= 7]
I Z dlyoltt, ICH= e oFAIsH 2 AEkAsH
Asd 719, FDA, EMA, 59 3522 dAJPA,
European Joint Procurement Agreement)S g+
et 78 A 7HES WS lom, EAHS o
DA AsdfoF sh=rtoll st Aokt vio] @ 4k
= =2 A 78S 9dE vhdstkal Qo 24
A5l 501/ (specificity), ¥HE-3(repeatability),
A& A (reproducibility), A4 (robustness), A=
A(ruggedness), A28 A4 (system suitability),
#HZ= $HA|(limits of detection), A= HA|(limits of
quantitation) 52 Z=2 ofg] FHo| 9l=d|, o]
ot o] 242 A|oF Y Hio] @ Fole} A Fof
of Al ARG sk B Bl A8, AHE 7t
/3& HASk= Aot wetA F= A, A o
A At A okt viAIE of) il A Sl Aar
A} S B 7192 HEEA] o] g ICH 7o =eig]
< mefof sh, EAIHE HSFAL S TR
7FEo| A= ICH 7ho|=afelE w2l QIokKrull,

stat Aol 3935 (2022)

2017; Shewiyo 5, 2012), 3}, A]eFA{ o] A= H4]
AT 9 ooRE oY F2 VIS Al 7l H
A NI =H, S 2fofE Al 52 siel AE=
APehe A2 w8 ¢ FEY AlEel w52
UES 317 S8l ICH 7to| =2kl e] =4 235 &
Zstar uet, o AofA= ICH 7ho|=2iele wet
A Ao A Z2gE EA A B d S A AL
gE stz g,

g A1E 2P EE AR Ty 5 S EE AE
A S dA|staL X A3}str] el AREHTE o]
et 2P RE dubFoR Ao =84 YEFEY

o, Aol =gt oy FH2 T AE 2
i A 2R R By AEe B8 o2 AR
A= 1B ) s e =Kol il o s B R e
H2LQ Al |of tjat Hav) Qlo] whe yjolA &
d ZA RO AMGEFS FAISHAL Qi o= =7t
T} A% ARgsh= 2R tigh WA Al 2 &
3t A w7t oh27] nje] AFe| HrkElE AE
H7HEER 0 TS A i7tol uhet th2c), o]
of| wha} oA A sl Aol T-E A
2 e S FAlo] B8] 213t A5 o] Bagt
Aot} webA Jang 5(2021)0014 7t A
T gfellA] wo] AnjE= FYAT SR 87t
H 97HA] A 2P RS} §7bEA] o2 3F9] AlE
2PN RS FAlo B4l 913 AR AQtskal
AL s, A1F 2PNE F 12F9] FAEA 0] 7St
HPLC—PDA £4%H-& 7kt A35ohk= A& Al
st} 3t} w3k LO-MS/MS A4S 0] 85}
A 2P R 0] U] o BRE Blstal, AAR -2t
oA §-55= FUAL S5 AR AMES B4
sto] 7Nakeh AR o] AlA| A Zo|| 28 7hs o8
2Rl Jang &, 2021).
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HFSHZ 0|80 HPLC-PDA 248 21y 31 =
el &xet

WA, HPLC-PDA 54 278 AA317] $J3) Al
71 EAEPH-E v|alste] 125-9] A o] gk &
ﬂiﬂ 71 St 3k 71 WS AdEskel, o
<, 3% HPLC-PDA 204 2] Balss
A AelE Aesl] fsto] Al 744 A7l Hlus
of m39] 7P 93t Eafleat o3 WS Al
Sk AES Agsilnt, npAute s A9 2=
S A 7] 2702 2-ste] o)Akl He W A
H W ol s 559 AS Wao] HPLC-PDA
Al*E“ A9 FEE Fol7] $I8t 2% A4 =1

S Hlaste] AF 2R o] HEAIRH ZF @420 T

A Balls € oflyA] &5 nefsto] HHEE A

-

% &

Ir
I

515 Hejlo] 27} Algo] B4 Ao} u]mshs A

BAs 1R} 61 PR} 3RoE] x| ke

— 11
EEE X

==

2 Fulsto] LASLIAL S B4
i 2 53 2ol sjo] ofe] 14 214
of et 552 Aas)a 34 ML&ﬂﬂ

2 3l 2140) 23 UL eI
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&S 7=
(Jang %, 2021).

MY A5

FUTT SR F 1A vE A AE Mg 2
A< $1%t HPLC—PDA {9 &4 A2 Al 7t
A EE (A '%'F’—)E ’\31101742 gk A=} OW
B AlmE Y 55 | et 253 -
sjshy, ICH 7fo|= E}O]oﬂ wel EolA, 214 A
U Aee AESH(LOD, Limit of Detection)
2 AaFsHA|(LOQ, Limit of Quantitation)e] 4
of el A=At o2t FE=2 A5 fIsh

ICHS] 7ol =Rl what sk F(U ) 33] whe g
31 ZHYZD) 33 ¥ Z=7dsto] - 93] At of
&l B7}=] lth(Jang &5, 2021).

1) Eo]4 (Specificity)

HPLC—PDAZ AFg5}o] A1 2Hi 5 0] EA] KA
& A on, 1271X]9] A& A g A Eo] 7t
7F A2 o2 1] TS e ARE Bk
t} ol By 7A=o] g 2 Eo|4dL el

020y A
o (A)
] 1
o164 |
o |
0124
20104
a i
0.8
oce
i 3
004 | 3|
: ‘
3 3 ||l
0 00 A ) A
0 200 400 0 800 0 Il‘(lJ ) 2000 2200 24 26 300
0207
| (B) 6 7
018] 5
0.16 4
o |
012 ‘
3010 i
| |
] |
0.08- i1
|
a06] |
1 {
1 | | |
004 1 [ |
002 l
| \ | h |
0003 U ! \ ; -
0.00 200 400 800 800 1000 1200 VJ 1600 1800 2000 22'\0 2400 2600 2800 3000
oites
(c) 10
040 9 11 12
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01
302
8

1800 2000 2200 2400 2600 2800 30.00

12! 1, 450 nm (A), 520 nm (B), and 620 nm (C)Of|A] AlZ ZtAig
9| HPLC-PDA = 20tE7124 1, Tartrazine; 2, Sunset
yellow; 3. Quinoline yellow; 4. Amaranth; 5. New
coccine; 6. Allura red; 7. Erythrosine; 8. Indigo carmine;
9. Green s; 10. Fast green FCF; 11. Birilliant blue; 12,
Patent blue V. (Jang, 2021)
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o 7H4 glo] HE 0] £ 1

> Ae
1

rE

o,

o

gl

o o
S

=42 24T £ = A= s vehdt HPLC-
PDA ®'H& AME3E AR0FE T Hof| A ZF 3] F= A
2 7S iR gk A Ejlskglon, ofd W s
&= Quinoline yellow (13 1. (A) peak 3)= F

= disulfonates?t monodulfonates 2 trisulfonate
Sof ZgHER o|RolHl Bjaty S4jo] g Aut
HPLC A =2ute 1588 58l UEPStH 1™ 1) (Jang
=, 2021; Joint FAO/WHO Expert Committee on
Food Additives, 1991).

2) 21414 (linearity)

A4S A5 E A s BF BNES
H7V5te] A2)2] 3 HPLC-PDAR HA1510] AHekar
Ao A AlE gl Ao, Al 1o
7178 0.9995—-0,99998 9-4=31 2|4 AJo] 715E]
ctJang =, 2021).

3) LOD % LOQ

A= AAl ol EAshe SAHE =29
HE 7t Ao, dFtAe AFAes 2
AE o Qe AR Foll EAshs EA U= #A
Folm, ICH 7hol=2telofl TgAlE "ol met ALt
A& ARgt] AR E I =) nIAA AE
S AR ] sl T83 .91 & 34l LOD
| LOQ= Alel=ro] 4537k 38 & e =
AAE|ofoF A Heoll At EAvolzta &
T AU 798 =ollA LOD2F LOQ B EUC|
A AR A 318 = vlRke] 22 HPLC-PDA
£ o] gel ag BAHLE 12712 9] A% 2R 4
2 el Agsirtal & 4= AthJang 5, 2021).

;

2 %

4) e 9 AU

A7 =R - T - R 2upol7] A A
sto] Zf smoflA 24 S8 High duf 9 A3t
9| Rbge] 4 AR 2 AAEsH, =M 4
o] e skl AdiaEdatzs 2A4HY
A4S skt ICH 7hel=akelel whet 80—

o

==

23]

o
e}

w

stat Aol 3935 (2022)

120%°] 2lo& WL} 5% nRke] AJHiEEdx} 2

=49 Adik= FYAL S5 MEA FEg Fe
Tol AUEE ®HoriJang 5, 2021).

127H4] A 7o) FAEAH sl k= vl
Aol @ o] 7sskl on, HPLC—PDA £4
oAl A9 He|r} <pste] o]F o] g5k B4
AS A HAg F2 Agetinh o 3ol
2} 7fdbe & Wby 9 HPLC—-PDA EA1H-2 [CH
7hol|=gile] what Alg]do] HEE o, el
A A 2Rl u X 2 E B HEo| 7}
S AoR grisk = Qlot, ASH BEAHE ol§
3 oA F8E= FIATL S5 HES st
o] 127FA] A% AR hego] tfs) EA51%e
], AR AEZ A HEE AE RS e M
o] A AT YR|sh= AIE FRlste] A A
Q2] 8ol Y5 = AUt EE, F2 4
=9 A7k &40l tiste] LC-MS/MS+= ME
A% 2 2R)j0] ERITAIR AREE| AT
ot A% F pH 9 f714kel Y& W= AR
A gof tiste] £33 F=AE o] 83 YA Bk
HPLC-PDAE o|-83F A& A 7S S
A& 2R 9] 71548 Frlska o, 71

o O

© v fo ol

=
ZulA 0]

= 2] B35 =
= ‘é‘@ﬁg—}i’ng

2-2. 99| SAIB(Sucrose Acetate Isobutyrate)

=] gr g =
of Ly e X 2F

ASHIIEE AMEEE 99 SAIBY 2418 I

AlOFR ol A TAJE “AFH7EES Ve E T
of W2 {3 = B 75 5 4l°01A Y= F
7 ] Ee 1 ol4ke] AMphases)S FAEHA Ao
FAY FARAZ = 715 sH, AFGAHAL|AH]
Z(Sucrose Esters of Fatty Acids)?] o|Ho 2 &
2= SAIB= A 24 S0l AM-El= AE37F
= 5 ShpoltHAIE oA, 2021). HE o
& Aol AR FEATE AU nET-S B1E)




[e} =~
FA7IE AerE HuEgew {3 AP
(EFSA, European Food Safety Authority)ol| A=
A1Z T}sF 9JA3](SCF, Scientific Committee on
Food) E+= EFSA0] 23t A& 7H=2] vpx|qf 3
7} o] @Jll AJ7ko] ZutE]| Sl om ARg-Z70] FSE
Sl A 22 Asha] R 7E 7 = 5 2R S wfjnt
o AE7HeE AE7Fsk=dl, SAIB= JECFAC
oJsfl 19939} 1997l B7E7} 34 ©]%- 2008
| EUA AE7== s¢dl wet Aol
gt A 7te] oiido] =ITHEFSA, 2016). E3E,
A% & SAIBE &A4sk= el oigh A A+t
= 19724, 1973dx} 2001¢of wpRero 2 2|y
= lom, 2001do] ZgE AR A-tolA LOQ
+ @A EUIA A3t Q= o8] 8<4==(MPL,
Maximum Permissible Level)} dx|5}7] wj&of|
o] HHH-2 EU HE &5 o5& SIstk= o 245t
A ¥t (Conacher HBS %5, 1972; Conacher HBS
. 1973; Uematsu %, 2001), ujapa] 2= 7]
T2 o83 SAIBY] A i A7 28
1ol Foll= AF7ER 55 Hol%le
ol Tk 7| FAo] A= UA] G,
1% % SAIBY] & 24T 4= Q= Aol A
Sl7]0f| )7} of Bl Aol T, o]of] & Aol A
AEH7HE SAIBY] EARE 7 2 stk
A ol A f-85l= =7 AEel A8 7
A7kt

A7), A @% 9w E3a) E@Y 248 &

Kl
S
-0,
2
2

Wy off

].

ok
m)v

(Lo || A A
LR

ol

SAB #Z=EH &4

1) HPLC—PDA

$A, Ao AE| (Sucrose Ester)] o] A &A2}
AP A HPALo]| 28| 2 (Sucrose Ester of Fatty Acids)
o] AgfAtol|A] ZPe HPLC &4 =4S Zhars)
o] B4 AJEstoch SAIBE OIEAR FE d
o|aRE| AN FrE R AT o AE| =355l Set
ARl o g itk = Edoln, =2 3 L2

(Sucrose)1, (Acetate)2, (Isobutyrate)62lol= Tl

" |

0008 H

‘ \

|

‘ ' |L\ i

) WVWAA . ———

am 200 400 00 b0 1000 1200 1400
Mrutes

12| 2. CODEX 7| 500 mg/L2| s =0j|A{ SAIBS| HPLC-PDA 3
20IEJY

gk o JAAIE 7HA7] wiZol] Aol uE A
= B4 2w P 7)20h FelE gl ole]
wet Fof| &8Ado|w thREe] {718l -85l
+ SAIBO| 8 E WA SAY o] 549 2/dt -l
2E M7= T w4 271 delste] Al
AESgOLF SAIBE] w1t Helsl) eRotek(1
2)(Moh %, 2000; Kaufman %, 1981).

2) TLC

SAIB| F47 HES flote] HafazEZntET
1] (TLC, Thin Layer Chromatography)E ©]-&
Slo]  AFFLElobAE|o E(Sucrose  Octaacetate)
= 2RI AqA+E Fharste] 242 X8k

SAIB

e a2 34

12/ 3. SAIBS| TLC 241,
1,250 mg/L; 2. 500 mg/L; 3. 1,000 mg/L; 4. 5,000 mg/L.
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(2))

21 4. SAIBO| FT-IR ABIE=! (A) JECFAOIA A5t SAIBO| FT—IR ABIEZ(FAO JECFA, 2006); (B) &5t SAIBO| FT-IR ABIEZ]

o}, 71 23} CODEXO|A +438k= SAIB AR
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(713 3)(Petkova =, 2017).

3) FT-IR

SAIBS] &4} zof whE 24} %50l o) UE}
U= 54 S AYEHS SRlste] A3 H7t
£ ol7] §ist el wg Aol B (FT-IR,
Fourier—transform infrared spectroscopy)< ©|
G5to] A2 285kt 4000—400 ecm ™t & k=
H Q]of| 4] gHol3t A} JECFAON A Al3-51= SAIB2)
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o) 7 & A2 AR AA P glo] A= 4
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(19 4) (Petkova 5, 2017).
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4) GC—FID

SAIBe|| tigh 2412 AljFet A dt= B 7]
AAZuE 1 9(GC, Gas Chromatography)S
AREEFAEE, 500 W el 197263t 19730l 4=
P Ao B2 A B4 A= st
7] o9 2001 o]l 2P A+ EA2TS &8

1= =70

Sto] ARGE Aulof U 27E Y st &
A8 A3t GC-FIDE o]-&ato] HA5H Au}
HPLC—PDAE ©]83F B4 olA Ee|=A] Z3ld 4=
T2 |30 tfgh Fe|=rt ST s AITE AR A
= ob7] 8l 7L 5 shte] mank AdEE 4= gig)
om A9 27 52 E %2 7]39] HAS Tk
7128 A= A ESE HoEle] BolFog UFy
A o= 93 WS B 3t o= 3

FS AFEshe WAo] AAEeH 19 5)(Petkova
=, 2017; Uematsu =, 2001).
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