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Safety Evaluation of Snacks and Drinks in Circulation for Infants and Toddlers
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ABSTRACT - The purpose of this study was to provide basic data for setting more detailed standards for baby food
and to provide food information that can be used in real-world settings. We purchased 80 snacks and 40 drinks for infants
and toddlers from supermarkets and online markets and analyzed tar color, artificial sweeteners, mycotoxins, and nutritional
components (e.g., sucrose, sodium, and calcium). Fortunately, it was confirmed that both tar color and sodium saccharin,
which do not have detection criteria for labeled foods for infants and toddlers, were not detected. However, acesulfame
potassium was detected at 0.07 g/kg in one snack sample. As for myxotoxins, aflatoxin (B1, B2, G1, and G2) and ochratoxin
A were not detected. Fumonisin B1, fumonisin B2, and zearalenone were detected in the ranges of 9.78-78.94 ng/kg, 5.58—
11.73 pg/kg, and 2.96-8.83 pg/kg, respectively, but only in snacks. Sucrose was detected in 65 of the snacks (0.02—40.94 g/
net weight [g]) and in 24 of the drinks (0.12-27.60 g/net weight [g]). Minerals were detected in most of the samples, and in
four snacks, the zinc content per net exceeded the tolerable upper intake level for infants. Sixteen snacks exceeded the food
standards for sodium content for infants and toddlers, but none of them were labeled as food for infants and toddlers in the
product manufacturing report, such that the corresponding standards could not be applied. Therefore, it seems necessary to
establish institutional improvements, such as strengthening labeling standards, so that the currently enforced standards can
be appropriately applied, and establishing standards for labeled foods for infants and toddlers.
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Materials and Methods

A=

AgE 20219 295 E 20219 11€7H4] 33 W O
nfEA A HAF 507, SEF 304 YL, 2022
| 2¢9FE 2022 697FA] 221l wEloA AR 30
A, 10748 743t F 1207022 s iy
ol AAF 2 FEFE EAs] H8l Ui
ntES] dfobg AFEF AUt Ffrols HAFE st
= 22l oA Fufshs AlF, A g8l ofol’,
T2 5 7 A%l Aoz glete] AR F9s)
Aok, AEFIoRZE HA}F 694(57.5%), H-AN7HEE 84
(6.7%), 71EFEE 17(0.8%), =223 174(0.8%), 2Z
RA7MEE 171(0.8%), AT 1771(14.2%), EHe5E 9
A(7.5%), F3-AEE 74(5.8%), THSE 44(3.3%), A
2} 27(1.7%), S E 171(0.8%)°] A THTable 1).

[e2x#}
Ho

A=22] FX7

NEE 799 A MEsted +2387/(DA-280 Gold,
Daesung Artlon, Paju, Korea)Z w2 3}3F & h-dlo]
FoLo st on thE A% Wyl wet AP E X
Y3t

Table 1. Classification of experimental ingredients according to food type and purchase area

Purchase type
Food type Total
oftline markets online markets

Total 80 50 30
Confectionery 69 43 26

Snacks Processed fruit/vegetable product 8 6 2
Other processed product 1 - 1

Semi-chocolate 1 1 -

Processed chocolate product 1 0 1
Total 40 20 10

Fruit/Vegetable juice 17 11 6

Mixed beverage 9 9 -

Drinks Fruit/Vegetable drink 7 5 2
Red ginseng beverage 4 2 2

Liquid tea 2 2 -

Lactic acid bacteria beverage 1 1 -




Ef=aa

EF=2 44 9%(Y4, Y5, R2, R3, R40, R102, G3, Bl, B2)
9] ¥FENYL Tokyo Chemical Industry Co., Ltd. (Tokyo,
Japan)®] acid red 27 (R2, >90.0%), allura red AC (R40,
>90.0%), acid red 18 (R102, >82.0%), acid blue 9 (BI,
>90.0%), indigo carmine (B2, >95.0%)>} Wako Pure Chemical
Industry Co., Ltd. (Osaka, Japan)9] tartrazine (Y4, >90.0%),
sunset yellow FCF (Y5, >85.0%), fast green FCF (G3,
>85.0%) L2]3L Sigma-Aldrich Co. (St. Louis, MO, USA)
9] erythrosin B (R3, >90.0%)5 AFH&-3}Th 4% Y4=U
ol wWEkEe 25% YEUYol(Merck & Co., Rahway, NJ,
USA)9}t HekE(Merck & Co.)E 3|45t A| X359

Ef2AL 9% AFFA A 8 UHAEH 34.1 E
2GR Fote] AP AT AEe 24 %
dAsHE AA oF 3 g5 Fs 10919] 4% FEYol g
S ¥ 3 F”7](CM-1000, Eyela, Tokyo, Japan)& & &5

o] & U4E2]7](5810R, Eppendorf, Hamburg, Germany)
2 2900¢g rceoﬂ/ﬂ 308 7F A8 slo] A= 3mL
= 943 7 AT TS FHFES 10mM oA EA

Table 2. The analytical conditions of HPLC for tar colors
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5 F(Sigma-Aldrich Co.) €9 1 mLe| 2 =] 0.45 um
Dol 82 o7 AL APgHoR st FEAH
A BEas 5] HFES 7h7t ol B4 1,000 mg/
Lo Bl=Ma REddS AXT F ol w4 |, 2, 5,
10 mg/Le] F=7F 5 845t 43 93 AARS
ol g3l s om, 48 Table 29 Z719 we} HPLC
(Nanospace SI-2, Osaka Soda, Osaka, Japan)E A3}
733t

ZJ’ vE A4S 93 Sigma-Aldrich Co.9] acesulfame
99.0%), saccharin (99%) % aspartame (>98%)S A&

HEEAS 1,000mgLe] a0z 2)xg
T ols FHRFE A 1.25, 2.5, Smg/l ¥ A
2]

,:qm oﬂiﬂ = 3 g
50mLE §F T 045 um TAAAZ AFg HS A|FE

Instrument Parameter Operation conditions
HPLC-PDA Column Capcell Pak C18 (4.6 x 250 mm, 5 um)
- A: 10 mM ammonium acetate
- B: Acetonitrile
Time(min) A(%) B(%)
00:00 95 5
Mobile phase 00:01 95 5
20:00 50 50
20:01 95 5
30:00 95 5
tartrazine 420 nm
Wavelength sunset yellow FCF, acid red 27, erythrosin B, allura red, acid red 18 520 nm
acid blue 9, indigo carmine, fast green FCF 620 nm
Flow rate 1.0 mL/min
Run time 30 min
Injection volume 10 pL

Table 3. The analytical conditions of HPLC for artificial sweeteners

Instrument Parameter Operation conditions
Column Capcell Pak C18 (4.6 x 250 mm, 5 um)
Mobile phase 10% TPA-OH containning 20% MeOH
Wavelength 210 nm
HPLC-PDA
Flow rate 1.0 mL/min
Run time 30 min
Injection volume 10 uL




102 Jaerin Lee et al.

Ao St A Mg A wE s A
°F 5g #H&t] & 20mLE 713 U2 10827 A4S

Eof 23] &St o] e B 718l 50 mLE &)
3 3,100 g forcedll A 107+ GAF2](Allegra X-12R,
Beckman Coulter, Brea, CA, USA)3lo] =S 3t o
= 045 pm HAAXZ AHG A& AP gHoR 33
T} A13-89S Table 32| Z7dol w} HPLC (1290 Infinity
II, Agilent Technologies, Santa Clara, CA, USA)S A}&-3}
o] 73kt

N
N
o
N
ot

S8oI=E:

TFo|ZaE ofZEEA(BI, B2, Gl, G2), L.32tEA
A, AlEEE 2 FRUA(BIL, B2)S B4 252
2+ Romer labs (Getzersdorf, Austria)2] aflatoxin mix
(Al: 98+1.0%, A2: 97£1.0%, Gl: 98+1.0%, G2: 98+1.0%),
ochratoxin A (99.0+1.0%), zearalenone (99.7+1.0%) %
fumonisin mix (B1: 96.3£1.0%, B2: 97.9+1.0%)2 AM&-3}
A, 7t REEHL 0.1% 717 2k(Sigma-Aldrich Co.)S
SF-3F 50% W EH-2(Wako Pure Chemical Industry Co.,
Ltd) &0 2 34 3te] olZ 521 0.625, 1.25, 2.5, 5,
10 pg/mL, 23254 A, Agds 2 FRUMLS 1.25,
2.5, 5, 10, 20 pg/mL=E A Z&ke] AHAS 249

Ay W AFFH A 8. UREAIEY 9.2.9. o} EE}
E21(BI1, B2, Gl, G2), 23ZEA A, AlZdd=, FEUA
(B1, B2) FAIRA Y Fsilom™ 35 4l G| A8
AR FEHES A5 oF 3g2 B3] Zot 0.1% 7N
1]2KSigma-Aldrich Co.y& 3-8 50% oM EYEY (Wako
Pure Chemical Industry Co., Ltd.) £ 20 mL (A&
o] A% HFF 20mLo] HEE HE rteta, 3087 F&
gk & AAE2]7](5810R, Eppendorf)Z 3,220 g forcedllA]
30:7F Al A d A fFeEAareA A

(GF/A, pore size 1.6 pm)= 25 & o 3mL) S/
TE 71l 15mL7t = &t FE2H 0= &t BA
AL 23 1929 =2 AA 7FEZ A (Isolute Myco,
60 mg/3 mL, Biotage, Uppsala, Sweden)E& ¢l EUEH
2mL, 7 2mLE B4 F FEY SmLE T
st BHAIZIAL o]ojA E 2mL, 10% °MHEVEE &
d 2mLE 2L F52E2 TN U BA FHEHA
Woll dol e &4E &3] AASFAT. 2L 0.1%
Mujike 53 oM EYEY 894 2 mL, WY 4 mL
2 &S F 50°ColA AR 8] AR §F 0.1%
AmAks $HEF 50% HWERE &9 1 mLS 7heke] &3
AlZ1 % 02 pm PTFE HoAAA|2 A3 -5 HF A
|Ao 2 FAT AHE NS Table 49 27 wpa} HA|
AzntE g =4 FE A 7| (QTRAP 4500, AB sciex,
Framingham, MA, USA)E Al&3sle] E2A31%

N

A B ZFEZDZE Sigma-Aldrich Co.2] sucrose
(299.5%)2 A&, EFEZS 10,000 mg/Le] ¥F
dH o7 Ax3 £ o]lE T FHFTE FA st 125,
250, 500, 750, 1000, 1500, 2000, 3000 mg/L H$ o] A

50 mL 4lEe] el #2dstE AA 3-5g8 ¥l o
2 AT o] F 9AE271(5810R, Eppendorf)=
847 g forcecl A 1027 AAEE S & Al FolE|2E AA
sttt ol 23] WHEsla AAE o] &ste] HAZHH
Aol 2 E hds] SFEAIZT |, Aol fle AR

Table 4. The analytical conditions of UPLC and MS/MS for mycotoxins

Instrument Parameter Operation conditions
UPLC Column ACQUITY UPLC® BEH C18, 1.7 um, 2.1x100 mm
Mobile phase A:B=55:45—-5:95
A :0.1% formic acid in H,O
B : 0.1% formic acid in ACN
Flow rate 0.4 mL/min
Injection volume 10 uL
Run time 10 min
MS/MS Ionization mode ESI (Positive, Negative ion MRM mode)
Gas Ar (Collision) and N, (Auxiliary)
Temperature 140°C (Source) and 450°C (Desolvation)

Collision energy (V)

Dwell time (sec)

14-40
0.05




Table 5. The analytical conditions of HPLC for sucrose
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Instrument Parameter Operation conditions
HPLC-ELSD Column Prevail Carbohydrate ES (5 um, 4.6 mm X 250 mm)
Mobile phase 80% acetonitrile
Temperature 35°C
Flow rate 1.0 mL/min
Run time 20 min
Injection volume 10 puL
Gas (N2) 45.0 psi
Setup for Nebulizer 40%
ELSD detector Drift Tube 50°C
Gain Setting 10

Table 6. The analytical conditions of ICP-OES for minerals

Instrument Parameter Operation conditions
RF power (W) 1200
Nebulizer gas flow rate (L/min) 0.75
Auxiliary gas flow rate (L/min) 1.0
ICP-OES  Plasma gas flow rate (1 min™) 12.50
Pump speed (rpm) 12
Replicates 5
Wavelength (nm) Na (589.592 nm), Mg (280.270 nm), Ca (317.933 nm), Fe (238.204 nm), Zn (213.857 nm)

St ol & 85°C oA 2547k 7h2ste] T
star, Ao g Wrhsle] Hx 7|5 FE8v] FAVL
T UEE FHTE H7FsIith ol 045 pum 2of 3
AR AHgE A& AALN o R ATt A P84 Table
59] z7el ujg} ELSD (2424, Waters, Milford, MA, USA)
7} €l HPLC (Arc, Waters)& AH&-3te] 43151t

21y

A (Fe), oA (Zn), PF2dlEFMg), ZH(Ca) 282 YEF
Na)o] hF 245 93l Instrument Calibration Standard 2
(100£0.5 mg/L; Perkinelmer Co. Norwalk, CT, USA)S ¥ &
ooz AR, 7 2L Fwel B 29 AAE
o 5A3H] 0.03-10.0 mg/L W9 AL A8
A AE&RE A5 (LA, AANE st 03-1.6¢
WM Halel AFFA AL LAAGY 9. 4F
Z fFaAlE2 AFW 9.1.2 H(Pb) L. Aldgde] 24 1)
4%y W vholzEglol g wehY FRE I mL
9} A 2H60%, Junsei Chemical Co., Ltd., Tokyo, Japan)
4mLE #H7} & wpo]maZ Y] E(T Ultrawave, Milestone,
Sorisole, Italy)S ©]-&3le] E&|319 L, o] SHFE ©l
&3l FF 100mL7F HA g4 ste] AlPgNoR sttt

2o)Ae] BAE AR LAAEH 9.12 WEb) Tk 27
2) =43 E et ul g4 ¥ (Inductively Coupled Plasma
Optical Emission Spectrometry, ICP-OES)?l w2} ICP-OES
(AU 5100, Agilent Technologies)Z &4 3tR L, &4 =4
& Table 63} 7t}

] 2 FFEH

723 (limit of detection, LOD)$} & #3HA|(limit of
quantification, LOQ)= Z} T X F8dS AR5l 4
3] Algste] ofefjo] A2 RE SHAIL, AETHA v
tko] A3E ‘Not Detected (N.D.) 2|30,

LOD = o/S x 3

(o = The standard deviation of the response)
(S = The slope of the calibration curve)
LOQ = LOD x 3.3

SAHE
EA A2 E= IBM SPSS statistics 20.0 (IBM SPSS,
Chicago, IL, USA)YS AM&-3Ith 2% 3¥ 7714 3
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Table 7. Limit of detection (LOD) and limit of quantification
(LOQ) of each compound

Analytes LOD LOQ
Acesulfame K 0.16 mg/L 0.54 mg/L
Fumonisin B1 0.50 ng/mL 1.52 ng/mL
Fumonisin B2 0.22 ng/mL 0.67 ng/mL

Zearalenone 0.19 ng/mL 0.57 ng/mL

Sucrose 5.56 mg/L 18.34 mg/L

Iron(Fe) 3.85 ng/kg 11.66 ng/kg

Zinc (Zn) 3.16 ng/kg 9.59 ng/kg

Magnesium (Mg) 5.65 pg/kg 17.12 pg/kg
Calcium (Ca) 28.74 pg/kg 87.10 pg/kg
Sodium (Na) 1.18 ng/kg 3.56 ng/kg
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o sigste FEoldnt. 22y ol ARt Z|EkeEel

gk 518 7IEAolH, AA Ffokd FEAl 2 Fol Eﬂfﬂ
oM ZES VIFE 2 AL wE AR H A ¢
o 1 A3 A& 38k 3](Scientific Committee on
Food)oll A1 200030 H71a Ao w2w ol dg 2
9 ¥ A3 3518 FF(acceptable daily intake, ADI)E 9
mg/A| F(kg)ol T, SRR AT ] FAAE ] wf
29 436709 Ffrot ﬂ& AZFE 11.37 kgo|2& o]
E9] ol E Z-F ADIE 9 102.33 mg (¢F 0.1 g)oll 3l
Stet. HEE A8 2916 g8A)E A erd
A ALk Gfrote] obAEZE ADIe| EX X HA|
&F lﬁ} s -Euhete] A okA, wl= 2 Eo ok
2 FHE YA 7)HA 8t e EFA
0}1 %l% AT oA 7R o dHE AFo
A= tiAtell GRS P2, Lol el &
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Z5A FUTE FFol5LT AEH AR 7 54
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H93, A&E A8 HF FHE 957 pgkeol At
Yl B3} B27F 7 AEHE AEeE & 6710E T
Yl FEryal Blzk B22] $HS 32.26-90.65 pgkg A
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)«1 AFANME FFE TE FRoks AFAM A
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Table 8. Number of detections and detection rates of artificial sweetener and tar color in snacks and drinks for infants and toddlers

Number of food additive detection samples (name, amount)

Food type
Food additives
Snack Drink
Artificial sweetener 1 (Acesulfame K, 0.07 g/kg) N.D.
Tar color N.D. N.D.
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Table 9. Detection of mycotoxins in snacks and drinks for infants and toddlers

Number of mycotoxin detection samples (range, pg/kg)

Mycotoxins
Food type  Purchase type Aflatoxin Fumonisin n ) Zearal Total
(Bl, BZ, Gl, GZ) Bl B2 Ochratoxin caralenon
14 6 9
Total N.D. (9.78-78.94) (5.58-11.73) N.D. (2.96-8.83) 21
Offline 9 2 1
Snack Markets N.D. (9.78-78.94) (5.58-11.71) N.D. (5.92) ?
Online 5 4 8
Markets ND. (18.18-64.47) (8.03-11.73) N.D. (2.96-8.83) 12
Total N.D. N.D. N.D. N.D. N.D. N.D.
Drink Offline Markets N.D. N.D. N.D. N.D. N.D. N.D.
Online Markets N.D. N.D. N.D. N.D. N.D. N.D.
| FA AE g FEULS] JIEEE gllen, Aoz Aztsla 4 AUk T3k, FujA] FLg AxGA
2% Ayt gk 35 71E 2 A= FAFRAd = AR oMM Aiket o7 T/ AFS FE7] wEel Y
o] A e . HAETE AHEE 54 GAIS] AlFeA v HEE 35
Ffrobs HAFOAA AEE AR AdE= Hd T A F Us AoE A7ETh
T2 538 ugkgS 2 2.96-8.83 pgkgel W2 Fel= ) TEFAANE BF F3ol5A7 AEHA e,
A =2] Afole Ffrobs A AFol g 71E+ = FAF SEFE YAE Zold ot Bo g Azt
AL ot AF dte] Bk 3% ZlerAeld At o 2 dF AE F 25EFE AV, 5757 5 37
Foll 50 pg/kg, Gokd 2=AA, 44718 A4 2 I HEQ HAFo ] F2E BAF, A4HD, A 2

ol& o]-f2A]-& 20 ugkg ©lEE AL Atk B AFollA
AEH AE%2 25 7]F ol HY TH= 8.83 pg/
kg & FHAF 7]59 50 pgkghth 71EHT} 5-6H] WA
gol= 9T} E3 Coppa 5729 WEW F{FE WHE AFF
ol A FollA A @ =0l 10-15 ngkg (2=3<A)2 8.9-
26 ugrkg (A=) TS E UL Assungio 5 VoA =
N.D.-44 pghked =2 Yeh} 2 A7dr AEE FHol
& HAF A= FgEol e A Ae} vlaws)
ME FAY FARSE £ 202 ERIE F AUTH
THA e AEES AHEH QY rtE A st
4979 NBANME F 97(184%)°] AZHAOY, &8
Q1 WA st 3079] AlEolA = F 127(40%)°]
AZ = AK(Table 9). FBo] 547t AEE A5 F3o
=24 AE A5 9§ g@vE Alset 281 vt
oA FRUA Blo] Z}7} 971(9.78-78.91 pg/kg), 571
(18.18-64.47 pg/kg)el N, FEUAl B2o] Z+zf 271(5.58-
11.71 pgkg), 471(8.03-11.73 pgkg)e] HAZ HE=HAH &
3] A= WHRE Agsh 221 nlolA 77} |
71(5.92 pg/kg), 871(2.96-8.83 ngkg) A&+ 221 vt
2ol A Ful gt Al E7F P RtEN A Sk AR ETE 7
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7F 1173(78.6%)R o™, YA 379 AE= 3, &
o] FRHZ WEAZ AFoIUTh AL = AEHE 9
o] A& F 671(66.7%)°] FHE7F ARttt Ok 59
oo A A D =o] 77(4.0-11.5 pgkg) AEEHJ oL
no M E 6771(4.2-201.3 pgkg)o® T Bol] A&}
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Table 10. Detection of sucrose in snacks and drinks for infants and toddlers
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Number Contents range Average contents”
Food type .
of detection g/100 g g/net weight (g) g/100 g g/net weight (g)
Total (120) 89 0.08-40.94 0.02-40.94 4.93+8.36 2.5245.41
Total (80) 65 0.11-40.94 0.02-40.94 6.73+9.63 2.65+5.67
Confectionery (69) 54 0.14-29.93 0.03-20.95 5.13£7.12 2.20+£3.94
Processed fruit/vegetable product (8) 8 0.11-40.37 0.02-6.46 16.48+16.19 2.3842.36
Snack Other processed product (1) 1 2.22 0.40 - -
Semi-chocolate (1) 1 40.94 40.94 - -
Pr"c‘;sri‘?uzt“(’f;’ fate 1 10.08 3.02 - -
Total (40) 24 0.08-12.55 0.12-27.60 1.33+£2.36 2.26+4.90
Fruit/Vegetable juice (17) 10 0.12-2.24 0.12-1.79 0.54+0.63 0.54+0.57
Mixed beverage (9) 8 0.08-4.70 0.20-11.29 1.77£1.75 4.17+4.23
Drink Fruit/Vegetable drink (7) 5 2.11-12.55 2.53-27.60 3.93+4.37 6.22+9.68
Red ginseng beverage (4) - - - - -
Liquid tea (2) - - - - -
Lactic acid bacteria beverage (1) 1 0.42 0.42 - -

D Data are expressed means+standard deviation.
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Table 11. Detection of minerals in snacks and drinks for infants and toddlers

Food type
Division Minerals Total Snack Drink
mg/kg mg/net weight (g) mg/kg mg/net weight (g) mg/kg mg/net weight (g)
Fe 7.7£9.7 0.3£0.5 10.5+10.2 0.440.5 2.1+5.1 0.2+0.5
Zn 19.8+51.4 0.8+2.3 28.8+61.0" 1.1+2.8" 1.8+5.8 0.2+0.6
Cﬁﬁgiiﬁ) Mg 387.3+400.4 13.1£12.9 566.3+379.1° 17.9413.3" 29.3430.5 3.443.1
Ca 982.1+£1536.8 42.5+£73.6 1433.2+1712.7 57.1£84.9" 79.8+111.4 13.2+£24.1
Na 831.4+1041.1 37.7+£45.2 1153.5£1141.9 42.1£50.6 187.4+166.1 28.9+£30.4
Fe N.D.-77.9 N.D.-4.7 N.D.-77.9 N.D.-4.7 N.D.-18.5 N.D.-1.9
Zn N.D.-397.1 N.D.-19.9 1.2-397.1 0.02-19.9 N.D.-31.7 N.D.-3.2
C;’;:;‘ts Mg N.D-14285  N.D.-54.9 92.4-1428.5 2.8-54.9 N.D.-148.0 N.D.-15.0
Ca N.D.-5619.2 N.D.-368.3 N.D.-5619.2 N.D.-368.3 N.D.-665.0 N.D.-146.3
Na 14.4-4808.0 0.8-215.2 68.4-4808.0 0.8-215.2 14.4-707.4 1.4-113.3

" Data are expressed means+standard deviation.

* The asterisk marks indicate that average mineral contents (mg/kg) are significantly defferent between snacks and drinks according to

student’s t-test (P<0.05).

** The double asterisk marks indicate that average mineral contents (mg/net weight(g)) are significantly defferent between snacks and

drinks according to student’s t-test (P<0.05).
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Fig. 1. Number of samples detected with minerals.
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Fig. 2. Contents of zinc in snack and drink for infants and toddlers. A dotted bar means that the zinc contents are not less than 6 mg and
not more than 9 mg. Black bars mean that the zinc contents are more than 9 mg.
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Fig. 3. Contents of sodium in snack and drink for infants and toddlers. Hatched bars mean that the sodium contents are more than

200 mg/100 g. The letter ‘C’ means samples containing cheese.
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