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Abstract

This study investigated the mineral content of regularly consumed Korean produce in order to provide a basis
for informed decisions regarding a balanced diet. Eleven minerals prevalent in the produce were analyzed by microwave
digestion coupled with ICP-OES and ICP-MS. In general, vegetables showed a higher mineral content than fruits,
with Daekwonseoneon peppers providing th highest values for P, K, and Mg among the 52 varieties of fruits and
vegetables examined (79.57 mg/100 g, 638.59 mg/100 g and 37.30 mg/100 g, respectively). Among the 35 fruit
varieties analyzed, Geumsil strawberries delivered the highest contents of Ca, P, Mg, Fe, Mn, and Mo (23.52 mg/100
g, 45.29 mg/100 g, 20.05 mg/100 g, 0.87 mg/100 g, 0.58 mg/100 g, 8.44 1g/100 g, respectively). High Ca and
K contents were observed in grapes, particularly those of the Shine Muscat varieties (12.28 mg/100 g and 241.42
mg/100 g, respectively) and Jico tomato varieties contained the highest Na content (10.82 mg/100 g). Moreover,
notable macro-mineral content was detected in nectarine (Cheonhong, Sunfre, and Fantasia) and baekdo (Cheonjungdo)
peach varieties. Apples provided both macro-minerals autumn apples; Jahong, Arisoo, and Hongro and micro-minerals
summer apple; SummerKing and Tsugaru with diverse mineral content in same varieties depending on the cultivation
area. Based on our findings, a balanced diet containing the necessary contents of macro and micro-minerals can
be easily achieved by varying the type and variety of regularly consumed produce.
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1] g Fae] sl 7717 Minerals) 2] 5o A A
o gE] JdE ¥4 712 G H, O, Ng AL b2
ALE FEo AAsH, AEFES HE F AR gouz
3] E(Ash)el2tale g oJgitt. o] = oA oA Rt
- Fagk AEAe 749 FEoE YA HelA A=
374, pH 242 58 48, WA 259 =448
aga oY 7HA 540 AR E 8% YA Vs
= frAlske & g 925 Fdsta o] 44
AFH7F REEA]l @7 H 8 37 el g Sl vehd
tH6).

o|ZA| QIZFIAl gloiA = <F 2 T8 714 dig
ATRE AATA @ FAE1,3,7), 7HAE(12) B
fFEeER@), TFRMA, dv), AR, 2R, 2 9
(10,11,14), 2+¥ SAHE(A AT, A7, 4, 9 99 =
W, A7) 8 A (13,15-17)0l mhE 71 o
ol #ak A7 ok B F e iel tiE A=
Kim 599 A 714 FF(wEUEE, 5, oked,
FANI 5 AttE20] F71E Fhgel] ek A, Kim
SO HALI Ao Fd FFY Al wE U1 T
H A Ji @) @9 59 F7 Aaf, Ve
HLFN9, 4, ok=ohe F5E 714 s vk
Ao 2 d=elEe e A3 Hd3 i #54
F714 @& digk A= obF nlEsit

upebs] B Ao e nlgd Fhe a3 549 o
o Afae}t A F AT 2HZF A STk Sl EEE
TGP G ] than] 23 Tl 9], A E4H]
FE 2AL 7| 2R E A B APATE EE A6t
(2629), 24 F&5 gk FF9, 1+ A3 19 F5
Abdbs FLETO dg AuiAIgE = F71E F Ca, P,
Na, K, Mg, Fe, Mn, Zn, Cu, Mo, Se ¢t&FS- H]w - #2415}
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715 1Risle] 7 AqUR FE) npE FE
2 AASIT) AlRe W) § LR F5 350, EvlE
T AAF 29 17IR ) = 54714034, 47,
T5 W, A5, A, AR, Aol FRska, wEE
P TREd I g Gl AAed A gE Al

T2 ZAA-FEE A A26H A6E (2019)

ol WEa-20T)oll HashuA A ARg-sksith

714 A A5 9 24 HolHY AFEE =
o]7] #3 &4 Al E Ao A1-8-% Standard Reference
Materia 1(SRM) 3252 % SRM 1849a%= National Institute
of Standards & Technology(NIST, Gaithersburg, MD, USA)
oA Fste] AHgBT RS RS As) AHga A
4+ EP-S(Electronic grade, Dong Woo Fine Chem., Seoul,
Korea)°] 11, 1152 F7138 X FF(Ca, P, K, Na, Mg,
Fe, Zn, Cu, Mn, Se, Mo)< AccuStandard(AccuStandard, Inc.,
Newhaven, CT, USA)°l|A] $tull3}= ICP standard 1,000 p
g/mL F%E°] 100 mL EFLY AFS 47 skl A
skl

Alge] #3] AX= Microwave Digestion System
(C-9000, Ctrl-M Scientific Co., CA, USA)< ©] 83} 11,
Ca, P, K, Na, Mg, Fe, Zn, Cu®] %412 Inductively Coupled
Plasma-Optical Emission Spectrometer(ICP-OES, Optima
7300DV, Perkin Elmer, CT, USA), Se, Mo2] +#A]&
Inductively Coupled Plasma Spectrometer Mass(ICP-MS,
7900, Agilent Technologies, Inc., Tokyo, Japan)E ©]-&-3}o]
=78k ot.

EESU0| =H|
7b7vo] E DN (1,000 pg/ml) S 2% HAAHS o] &-31o]
s|-sl) on, T ¥714(Ca, P, K, Na, Mg)& 100 pg/mL,

u| & F7] 2 (Fe, Zn, Cu, Mn)-< 10 pg/mL, %0 & F7]2
(Se, Mo)<- 100 ng/mL o2 5|43t § 247y SdFFEHS
zA|ekaL v F714L 1, 5, 10, 50, 100 pg/ml, v 77
22 001, 0.05, 0.1, 0.5, 1, 10 pg/mL, XV & F7]2L
1, 5, 10, 50, 100 ng/mL®] F=& ZA|slo] FFgAo g
AH&-sti Tt

ARe FX 2|

ANRE 13 55, 23 S/HFE ol &3l AlHstn
E715 AAG & /PRt el 712, A&, Eol7t
Z} 1.5 cm o] H == AT A Alge AAE
2R F4 523 H viysla #E3}ske] A ek

21 24

F714 49 A& AF3d F2EE vlela=
ol Bl Fato] ZASIATHIY). 5, A& °F 0307 g
AR 03 g, AAAE 0.7 g)= microwave F-3)] & H Z &
= H(RXHP-L1, Ctrl-M Scientific Co., CA, USA)ol| ¥ 11
A2 7 mLE 7F8ke] oF 1AI7E o] WX & microwave S
AFE-3Fo] Table 19] 2 o2 Haslict. EalE A5
50 mL 3-8Zet~Fol &A 32 SHTMilli Q Reference
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A+ Elix, Millipore, MA, USA) ©|-8)& %83} 1, Whatman
No. 41 ©J3}2](Ashless, Diameter 150 mm, Buckinghamchire,
UK)Z oJisto] 7714 A9 A|g-g o= AR5ttt
1159 714 3 Ca, P, K, Na, Mg, Fe, Zn, Cu, Mn¥&
ICP-OESE ©| &3] EA8t3a, 5% Al AHE-SF 32
Ca 317.933 nm, P 213.617 nm, K 766.490 nm, Na 589.592
nm, Mg 285.213 nm, Fe 238.204 nm, Zn 206.200 nm, Cu
327.393 nm, Mn 257.610 nm°| 1 2™, Se % Mo ICP-MS
= Abgste] ¥41849] 11, ICP-OES$} ICP-MS 7] 7] %4 =
AL Table 29} 2t}

Table 1. Operation conditions of microwave digestion system

Step  Temperature ('C) Ramp time (min) Hold time (min) Power (W)

1 100 10 5
2 130 10 5
3 170 10 10 L0
4 0 0 20
Table 2. Operation conditions of ICP-OES & ICP-MS
Parameter Value
RF power (W) 1,300
Nebulizer pump (tps) 0.55
ICP-OES Nebulizer pump flow (L/min) L5
Plasma Gas Flow (Ljmin) 15
Auxiliary Gas Flow (Ljmin) 02
Selected isotopes (myfz) Se¥? Mo”
RF power (W) 1,500
Nebulizer Pump (rps) 0.1
ICP-MS Plasma Gas Flow (L/min) 15
Auxiliary Gas Flow (Ljmin) |
Carrier Gas Flow (Lfmin) 0.85
Makeup Gas Flow (L/min) 0.25

oy A ¥ Zgne
2 AT mEH 71 EA%e H5S s FAl
) (Linearity), 3 J (Accuracy), 324
stk A4S B A47te] 289 S 1A
[e]

ES
FEHA A 2Hdste] AFBAIFR2>0.99) 5 &

Feg9a FEgde NISTY ZFUASEZS SRM
3252(Protein drink mix)E 33] ¥4]3lo] 3]9=&(Recovery)
2 A 53 2}(Relative standard deviation, RSD)E 221

tlo

o113l AOAC % Codex 7tol=2kQl& arste] 84
33+ TH19,20).

T AFHS Ll UE SRM  1849a(Milk-based
Infant/Adult nutritional formula I)& %32 #2](In house

e} B4 x|l S ste] A2 ghe BAE ol
o5} 388 95% FFQ*SD)A AneA =, 383
99.7% T=(3*SD)ol|lA] ZZA3HA S AAslo] QC
28t BUE A 4 dlolE ] A HEE 5k

o

SIS
2 A7 24 ddke BF 33 Wk S eR

XLSTAT-Base program(Ver. Perpetual, Addinsoft Inc., NY,
USA)= ol-&3te] SAIAE st A/ #3548 7714
slefo] it H| W= one-way ANOVA(Analysis of variance)
tests AAISt] FAHEA £ 95% 2] - (p<0.05)01 A
AzE 59737 ¥ (Duncan s multiple range test) &2 7+ 2
A FA| e Fo)dE A, 71 a2
e Hdy EFAAH(meantSD)E YERAA T

EMu Z4E 9 T3

7] 4(Ca, P, K, Na, Mg)9] 5892 1,5, 1
50, 100 pg/mL, 7] Z5-7] 4 (Fe, Zn, Cu, Mn)&] EF&S
0.01, 0.05, 0.1, 0.5, 1, 10 pg/mL, 27| ZFF7] 2 (Se, Mo)<]
FT89L 1, 5, 10, 50, 100 ng/mLe] F&= LA A
28 B3l AAAE el AFg 1), FBAFR) T
0999 o]/Fe] gk A gro 2 77 714 e v =
o thale] AOAC 7lol=elloll A A A8k 7] (R*>0.99)
= WEAIF

N

¢

A Ay} 7ke] BA A= gddslo] B4 gho] AdA
< Fo|7] A& S UL HNEFHARSD)E 5
3 Felatda, B4 #he] A EE wol7] 93 4
2L NISTO A 33l R SEZ taf vhE
A3l 3| &S Bl FIsth(Table 3). 1 A%}, 3
U ETH A= 0.23-4.12%, 3582 86.85-99.76% = -4

Azl gk g EAg 3 FdAd 2F AOAC 2 Codex 7lo|=
ZRIoA AAShE 7IHEATE 100 g B AR 7]E s
S EEAAL B 348 9] 80-110%)2 THEAIZA T
o 4 vlole e FA#ATE ] B4 wix|nict S
UF-Ed e Alse BE dlo|El7} 4 eHA|(2*SD) W
W2 el THdata not shown).
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714 Sk A F A58 A Al26d Al6S (2019)

3 2l o] =& At &2 & Uk WA 15348 =2 TS VER RS & 5 odglen,
AfAQl SHANE FHo] Zu|n 71F A7t Ao FE

R EE3Y 2I|F &0l Fow FIAZ|7} w23 A o] ol FEFY
1A e BA A [ @l v F5EYE, FEOE 3 ia it 9 o597 AR £

3], AR, 3, Beole 17K F3(WE, 29, dv 2 L UrES A9 BE TR gl AARS

E, A5dgs, ey, v AEe, A, Ay, el Jehiich

2loh, Tew K F5(EE, XL, A, T8, A,

2~9EEY, A, ARIM A, MBA), A 57 #5580t

A7, 2718, A, o, E2)0la, 1 s v Lol tgEr)d HighS 2% 5.05 mg/100 g, <!

7142 Table 49} 6, W &57-7]4 2 Table 59} 70| LEhA 19.12 mg/100 g, FE& 2.08 mg/100 g, Z-F 226.03 mg/100

Atk 53, AL 7] T ZE > > Zw > vklE g nloud| 4 446 mg/100 g ©) T, B FEI) A HEghe

ToR w2 gEE ZATh 4 024 mg/100 g, W7+ 0.01 mg/100 g, °F 0.26 mg/100

g, 72 0.05 mg/100 g, = H 5l 0.82 ng/100 g, A&l ¥
0.28 pg/100 gol Ut} &gk F7IE-E oA ow 71
B F5S B, ZEe FERR0K12.36 mg/100 g), A

=7|
7)o gEEr|d Hdake 24 19.23 mg/100 g, <)

34.72 mg/100 g, Yt EF 3.15 mg/100 g, ZF 218.07 mg/100 e ors ) =
5 } 5 A8 (22,18 mg/100 g), 1 5%(21.86 mg/100 g), A=
g TH T 1349 mg100 g oIR1 3, Pl Fgke oo o o-ca 18 myll g, BemeEL86 mylon

2 046 mg/100 g, T+ 039 mg/100 g, kA 027 mg/loo  “N(@1.64 mg/100 @), LHEFE PIFE.07 mg/100 g7 2
g, T2 0.03 mg/100 g, Z BT 600 1100 g Agls (05 myl00 o), FFE AFEQTLI0 mg/100 ), vRII &
039 1g/100 go| ATk Htztah 71g vl 5=eh 3he Hel % © A Z)(6.35 mg/100 g), A, W3t FlE v gkzhz} 035
o 9B Zxo] B8 EFo|gli, VESS A9Jd m=  mgl00 g, 0.02 mg/100 g, 0.10 mg/100 g), oFA-2 F3H0.62
7189 ke A= SAE S AEE] 24 F3 mg/100 g), =] B9l 524(1.98 ng/100 g3 AT AL E
A H ks JeEhlth 34 F52 Z5(23.52 mg/100 g), (2.01 pg/100 g), A#lE2 AuFE(L71 pg/100 g)olA L, L

21(45.29 mg/100 g), "F1Ul(20.05 mg/100 g), H(0.87 < Zg, 2984, AY e HEad 24, 2.5, 62919
mg/100 g), B7H0.58 mg/100 g), eI Bl(8.44 1g/100 g) 2 o] H& k< etk S8 thFrs]d el
A ALF T MY w2 e vERen, 53 £ e zze Aw 3R, Az, SElohI} M@
A7elM B AT T M wE e EAAET 2o g o)) 2 A3 £2olglon n)gEs]d
P71 1Y 443 2H700 mg/100 g, 3.0 mg/100 g)2] 30%, Fere 3w T2 v dute, 45U =
195%E THE 5 & AoR A B FH FE o a0 genyay
< I7FEEAFE EEFNNE ®)6) e AN FTH B
Table 3. Relative standard deviation and recovery of SRM 3252
Compound Analyzed value” Reference value” Recovery (%)” RSD (%)”

Ca (mg/100 g) 1683.90£5.72 1784.0£99.00 94.39 0.34

P (mg/100 g) 1494.65+31.04 1721.0£70.00 86.85 2.08

K (ng/100 g) 1062.6320.32 1155.0£53.00 92,00 191

Na (mg/100 g) 680.38+1.56 682.0£17.00 99.76 0.23

Mg (mgf100 g) 604.78+4.99 633.7£17.40 95.44 0.82

Fe (mg/100 g) 34.6410.25 38.1+1.30 9091 0.72

Mn (mgf100 g) 1.07£0.01 1.1£0.05 96.39 0.84

Zn (mg/100 g) 20.4310.11 23.5£1.20 86.95 0.52

Cu (mgf100 g) 327:0.08 3.6£007 90.00 246

Mo (g/100 g) 107.4842.11 119.0£20.00 90.32 197

Se (1g/100 g) 58.0642.39 59,643.70 9741 412

"Values are meanststandard deviation.
2)Recovery (%) = analysis valuefreference valuex100
IRelative standard deviation.
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Table 4. Comparison of macro mineral contents of strawberries, peaches and grape varieties

. Ca P Na K Mg
Sample Varieties
(mg/100 g) (mg/100 g) (mg/100 g) (mg/100 g) (mg/100 g)
Geusil 23524028 452910.55° 34310.16° 25521£4.16" 2005:021°
Sranberic Janghee 19.3820.15° 36.47:049° 4.83+0,06" 20825255 13.99:0.12°
Charlotte 20.04£0.22° 25.80£0.26" 247+0.03° 168.742.18° 9.420.10°
Jukhyang 13.98£0,08° 31.3240.19° 1.8720.04° 220.09+1.90° 10.5020.07°
Mihwang 4.9920,05° 19.780.14° 3074003 210.11£115° 5.1840.11°
Geumhwang 5.82£0.11° 15.66+0.34' 1.70£0,05' 199.40+2.66" 4.44:0.11°
Elbat 3.11£0,08" 18.0620.16 0.721001" 209.97+0.61° 2.93+0.09
Changhowon Hwangdo 325+0.10° 2.18057" 1482003 245.867.17° 3.89+0.19"
peach Nagasawa Hakuho 2.6410,05 19.340.05" 1.8620,02° 233.24£2.08° 3.93+0,05°
Miback 3.14£0.09" 16.512030° 2.18+0,02° 23321£0.86° 28720112
CheonJungdo 27440028 21.8620.03" 1.41£0.02¢ 271.70£3.72° 4.10+0.02°
Cheonhong 8.18+0.15° 18.4120.40° 3.05+0.13" 204.340.98° 4,98+0.15°
Sunfre 430+0.10° 21.642041° 2.53+0.11¢ 228.90:2.85° 6.35+0.19"
Fantasia 12.36:0.12° 17.79+0.17° 2.7720.06" 223.55+1.04° 5.9410,06"
Okrang 6.75+0.08° 13.460.19' 3.120.10° 215914277 1.28+0.04"
Jarang 6.68+0.18° 18.90£0.32° 1.00£0.04° 17042297 2.93:0.13"
Chungrang 4,990,028 16.18+0.17° 1.0620.05" 151.06+1.26" 345£0,02°
Jaok 1043£0.17° 2236+0.27° 1.59+0.02° 232.18+143 8.220.12°
Grape Sweetdream 9.3420.29° 15.50£0.26" 1.900,01° 149.59:2.08" 4.56£0.20°
Cheongporang 5.2740.06" 13.89:0.13" 3.30£0.03° 144.5613.118 3.8410,05¢
Cheonghyang 6.85+0.18° 12234036 0.68+0.01¢ 172234356 334+0,12°
Shine Muskat 12.28+0.16* 19.29+0.33° 1.05+0.01° 241424367 4.86+0.08"
Muscat Baily A (MBA) 627+0.13° 14.24+030° 2.34+0.06° 190.94+0,63" 147£0.07¢

YAIl values are expressed as meantSD of triplicate determinations. Means with different superscripts within a each column (a-h) are significantly different at p<0.05 by

Duncan’s multiple range test.

zE

A=) ﬂr%}“ﬂﬂ H ke 24 7.65 mg/100 g, <!
1623 mg/100 g, F 1.78 mg/100 g, ZF 185.37 mg/100
g, "4 3.77 mg/lOO g oS, v EFRr|d Pk
Z 0.25 mg/100 g, 3+ 0.05 mg/100 g, ©}%1 0.13 mg/100
g, 72 0.06 mg/100 g, Bl 0.67 ug/100 g, L&l+F
0.76 1g/100 golUt}. T3 Fr|d8d fodoz 714
=2 F3S WY, 29 4ES ARIM A (7 12.28
mg/100 g, 241.42 mg/100 g), <!, vkadlF 2 AgEe A%
(27} 2236 mg/100 g, 8.22 mg/100 g, 1.88 1g/100 g), LIEF
< % Z7H3.30 mg/100 g), - MBA(0.69 mg/100 g), &3t
< A3K0.27 mg/100 g), oFA2 =2 E=#(0.30 mg/100
27} MBA(0.40 mg/100 g), T2l A7 MBA(0.08
mg/100 g), EE|HUlE A E=7(2.13 pglo0 g)ol,
3 F ntadlgd v g1 de Faaid 2.2-5.10 9] &
zpo]l &2 =2 ke KBl 53] AXE *i(ﬁ 8, A,
%, 29 EEE, MBA)S X E FHHET, A AR

w27)e] B4 87 ol el AR

ge= A
|

7}
ek, ole A ARIM 2AE A9 st
F3HE x| e AR e BA517] uE A}
t}. S A9 A2z 2] A o] ARIH A =28 vhgE
(Ca, P, K, Mol =& o5 Yelllon, 0 & 2
BFAN 7P B 3hE ekl ARV A FFS THE
FAHELEEAINEH6) e TL FF(ARIV =
A, A 23t vla Al LI-18ee] H w2 ghs Bl

L=
- A~
—’E
o8 AlR
ad

2
|
43}

ol Y FZOIANE AR 9} AYARA| 7)ol whE} A kol
ol UEhItE AL HolFEe Aow Algdt)
Exo FQ JMEEQ X FE Yo EFo| 1 A
S AAsle 7P 583 84T IeFo] Brel Ay
bitartrate S A= ZEI 2w o] 7MY v, S
| At 2 ks Wkx] 9E8S sle UEER ] &
EZo] FUH21). oo & AFolA B3 H X FF0]
EEF Azl T2 FFolgkn AdEH, AujAl SH
M= HHEY Fyleko] & A FFo 7 slo|E)
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(23).

Azt

Atte] R FiE gk ZF 3.49 mg/100 g, <!
11.28 mg/100 g, FEF 2.12 mg/100 g, Z-F 146.61 mg/100
g, PFHl4 2.20 mg/100 g ©] 3L, PIFF71E FEEhS
2 0.31 mg/100 g, &7t 0.01 mg/100 g, ©}A 0.07 mg/100
g, 72l 0.02 mg/100 g, =] EH 1.69 1g/100 g, B&l&
0.67 ng/100 gol ATk, E3t Fr1d e fejgow 714
S B35 29, 23 viadlae ole @A 6.04
mg/100 g, 2.55 mg/100 g), 12 ZAF, A&l w2 A(A
13.12 mg/100 g, 181.14 mg/100 g, 2.16 1g/100 g), Y EF,
o}l e &2 (7k7} 3,07 mg/100 g, 0.12 mg/100 g), & An
73(0.72 mg/100 g), ¥t T2, S Bl 27z
0.018 mg/100 g, 0.03 mg/100 g, 2.78 1g/100 g)°IA L, =L

3] A26d A6E (2019)

= A A Haad 23, 3282 2 207 =
S UeERQItE AYlE-e AL FF0] £ Aol B4
IR 5 P B ko7 19 o UAFH EH55 1g/100
99l 39%E TvE T U= A= AAE) 539 A
Zhe VARl AR ol T2 FEOA TR
o] Etom, HAS Zhe o BAR] A7, 21
(et FFAe mEF 714 ko] # S8 EAL,
O F otee FFY A5 IR EFEEEAHINA
MO & 5L FFeted, Ad E3ha vlm A] &,
old, BalBdl o] 26, 35, 434 7| =% =|o] o] w3t
FEE YA AR & A7) e et R gkol
2ol & YERATHE 3le BT qith

TUT FTA Aol W zpolE ER1sh] f)E
Atte] B2 FES 8 A edlA Auiet g ¥wstaa,
1 AE thEFE7) AL Table 6, 1| 25-7] 22 Table 7¢]]
Yehit) 7t 71488 i E 2 A7 7 FolZ 9 A

Table 5. Comparison of micro mineral contents of strawberries, peaches and grape varieties

Fe Mn Zn Cu Mo Se
Sample Varieties
(mg/100 g) (mg/100 g) (mg/100 g) (mg/100 g) (ug/100 ) (1g/100 g)
Geumsil 0.87+0.00™ 0.584+0.02a 0.33£0.00a 0.0620.00a 8.4410.65° ND?
Sranberic Janghee 0.35:0.00° 0.30820.01¢ 0.23+0.00c 0.04+0.00b 6.00:0.06" ND
Charlotte 0.25+0.00° 0.514+0.00b 0.22+0.00d ND 4.09+0.12° 0.76+0.10"
Jukhyang 0.39£0.01° 0.159+0.00d 0.30£0.00b 0.040.00b 5.81£0.14" 0.81£0.08"
Mihwang 0.35:0.00° 0.024+0.00a 0.18+0.00¢ 0.10+0.01a ND ND
Geumhwang 0.28+0.02° 0.009+0.00d 0.62+0.02 0.05+0.00c 1.98+0.13" ND
Elbat 0.19+0.00° 0.007+0.00¢ 0.14+0.00f 0.05+0.00d 0.67+0.08! 1.71+0.06'
Changhowon Hwangdo  0.31:0.00° ND 0.1520.00f 0.04+0.00e 2.01£0.28" 1.060.10°
b Nagasawa Hakuho 0.18+0,00' ND 0.23£0.00d 0.0540.00cd 0.89+0.09° ND
Miback 0.13£0.008 ND 0.11£0.00g 0.040.00¢ 0.14£0.02° ND
CheonJungdo 0.2120,00° ND 0.18+0.00¢ 0.05+0.00cd 0.45£0,08° ND
Cheonhong 0.26+0.00° 0.018+0.00b 0.5420.01b 0.050.00d 0.490.02% ND
Sunfre 0.210.00° 0.019+0.00b 0.33+0.03¢ 0.03+0.00f 1.48+0.08" ND
Fantasia 0.32+0.00° 0.016+0.00c 0.14+0.00f 0.08+0.00b 0.0620.00" ND
Okrang 0.26£0.00° 0.015+0.00d 0.1520.00° 0.0120.00° ND ND
Jarang 0.170.00° ND 0.03+0.00° 0.08+0.00" 0.67+0.06° 0.540.05°
Chungrang 0.1320.008 0.016+0.00° 0.0920.00° 0.0420.00° 0.39£0.01¢ 1.16£0.13°
Jaok 0.1720.00% 0.034+0,01° 0.0520.00° 0.0620.00° 0324004 1.88+0.12°
Grape Sweetdream 0.17£0.00° 0.03420,00° 0.30£0.00° 0.07£0.00° 2.1320.13° 0.740.06"
Cheongporang 0.25:0.00° 0.07620.00° 0.10£0.00° 0.03:0.00° ND ND
Cheonghyang 0.18+0.00° 0.2700.00° 0.05£0.00° 0.080.00° 0.420,00° 0.6310.10%
Shine Muskat 0.22+0.00° 0.00520.00" 0.0420.00° 0.07:0.00° 1.9520.09° 1.3820.08°
Muscat Baily A (MBA)  0.69:0.00° ND 0.40£0.00° 0.080.01° 0.1020,01° 0.490,03°

DAIl values are expressed as meantSD of triplicate determinations. Means with different superscripts within a column (a-g) are significantly different at p<0.05 by Duncan’s

multiple range test.
Not detected.
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Table 6. Comparison of macro mineral contents of apple varieties and apple Hongro varieties by regions

. Ca P Na K Mg
Sample Varieties
(mg/100 g) (mg/100 g) (mg/100 g) (mg/100 g) (mg/100 g)
SummerKing 3252009 10.72£0.13° 1.96:0.01° 164.01£0.84° 2.06+0.07°
Tsugaru 2.4520.06° 9.96:0.14° 3.0820.10° 131.79£1.17¢ 2.360.06°
Apple Jahong 331+0,05° 13.12£0.22° 1.3320.04° 181.14+1,01° 2.34:0,03
Arisoo 6.04£0.07° 11.59+0.10° 1.1620.02° 97.28+0.95° 2.5520.04°
Hongro 242+0.06° 11.00£0.14° 3.070.05° 158.83+1.87° 1.68:0.09°
Chuncheon 2.89+0.11° 9.13+0.16' 336008 157.63+1.69° 1.8340.14°
Pocheon 2.54+0,04° 9.57+0.20° 2.73+0.04" 141.882.53° 0.98:0.04"
Cheongju 3024003 12.67£0.07° 328+0.03° 159.91£2.43 1.7810.26°
Apple Yesan 3.1520.06" 12.83£0,05" 2652013 175.83+1.05 2.30£0,05°
(Hongro var,) Jangsu 1.28£0,05¢ 10.14£0.04¢ 291:0,03 193.66+2.54° 2.15:0,05°
Jangseong 1.55:0.05° 11.54022° 3.141007° 156.74£1.08° 1.30£0.04°
Yeongcheon 2.63:0.07° 10.520.20° 3.6520.01° 1357621731 1.5520.06°
Geochang 2.29+0.09° 11.574021° 2.81£0,05% 149.23+1.92° 1.5120.05°

DAl values are expressed as meantSD of triplicate determinations. Means with different superscripts within a each column (a-g) are significantly different at p<0.05 by Duncan’s
multiple range test.

Table 7. Comparison of micro mineral contents of apple varieties and apple Hongro varieties by regions

Fe Mn Zn Cu Mo Se
Sample Varieties

(mg/100 g) (mg/100 g) (mg/100 g) (mg/100 g) (ug/100 g) (ug/100 g)

SummerKing 0.72£0.01*" 0.016£0.00° 0.06+0.00° 0.0060.00° ND? ND

Tsugaru 0.29+0.00" 0.018+0.00" 0.07+0.00° 0.0300.00° 2.78+0.06" ND
Apple Jahong 0.17£0.00° 0.0110.00° 0.04£0.00° 0.023£0.00° 1.870.09° 2.16£0.03"
Arisoo 0.12£0.00° 0.0090.00° 0.0520.00¢ 0.029:0.00° 1.680.07° 1.10£0.03
Hongro 0.25+0.00° 0.012+0.00° 0.1240.00" 0.018+0.00° 2.124007° 0.10+0.01°

Chuncheon 026£0.01° 0.0290.00° 0.15£0.00° 0.0130.00° 2.3840.17¢ ND

Pocheon 0.22+0.00° 0.015£0.00" 0.180.00" 0.007£0.00" 1321007 ND

Cheongju 0.500.00" ND 0.05+0.00" 0.011+0.00° 3.3410.17° ND
Apple Yesan 0.18+0.00 0.020+0.00° 0.12:0.00° 0.032:0.00" 3.04:0.03 0.65+0.07"
(Hongro var) Jangsu 021+0.00" 0.026+0.00° 0.07+0.00¢ 0.026+0.00° 1.160.03° 0.16+0.02°

Jangseong 0.2620.00° ND 0.1320.00¢ 0.010£0.00% 126£0.05" ND

Yeongcheon 0.20+0.00° ND 0.18+0.00° 0.03240.00° 1.92+0.03° ND

Geochang 0.19+0.00° ND 0.11:0.00" 0.01240.00° 2.57+0.00° ND

DAIl values are expressed as meantSD of triplicate determinations. Means with different superscripts within a column (a-h) are significantly different at p<0.05 by Duncan’s
multiple range test.
Not detected.
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Table 8. Comparison of macro mineral contents of tomato, paprika and pepper varieties

o Ca P Na K Mg
Sample Varieties
(mg/100 g) (mg/100 g) (mg/100 g) (mg/100 g) (mg/100 g)
Dafnis 3.9410,05°" 23.1120.20° 4.98:0,01° 282.61+1.66° 5.59+0.02°
244 5063005 35.10:0.12° 4.13:0.04" 303.12+1.80 6.64+0,04°
Bravo TY 7.590.11° 37.83£0.52° 7.7420.09° 390.55£5.13° 12.65£0.07°
Tomato Minichal 5.58+0.08° 33.47£0.29° 8.58+0.05" 342.40+3.54° 10.16+0.12°
Dotacrang Dia 3.85£0,01° 33.2410,06° 6.25+0,03° 331.69£5.84° 8.9120.13°
Jico 770:0.22° 2578024 10.82£0.12° 328931483 9.40£0.26°
Tabol 7.93+0.17° 18.75:0.19° 2.60+0.008 248.49+2.99° 47110078
Jacarlo (red) 5.7810.15° 26.7420.61° 1362003 239.00£2.78° 9.27+0.23"
Nagano (ted) 6.55+0.06° 21.67:0.11¢ 3.78+0.04° 217.27£1.02° 7.66+0.03°
Paprika Lunik (yellow) 6.9120.12° 23.6020.20° 2.8630.03° 208.07£3.76" 7.23+0.09°
Sven (yellow) 7.36£0.12" 21.980.26° 1.97£0,02¢ 219.59+3.78° 7.77£0.12°
Orandino (orange) 7.2340.10° 25.49+0.39" 301004 262.2343.66" 9.59+0.08"
Colorjjang 11.9140.10° 69.09:045" 4.92+1.16° 521.1140.05° 32.0540.18"
Peoper Dackwonseoneon 1427007 79.570.44' 4,98+0.48" 638.590.06" 37.300.16"
Gilsang 9.20£0.21¢ 29.45+0.42° 3054187 244.04+0.02° 9.22+0.14°
Cheongyang 12.65£021° 42.8120.56° 3.77456° 306.2310.10° 14.05£0.20°

DAIl values are expressed as meantSD of triplicate determinations. Means with different superscripts within a column (a-g) are significantly different at p<0.05 by Duncan’s

multiple range test.
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Table 9. Comparison of micro mineral contents of tomato, paprika and pepper varieties

719

. Fe Mn 7n Cu Mo Se
Sample Varieties

(mg/100 g) (mg/100 g) (mg/100 g) (mg/100 g) (1g/100 g) (lg/100 g)

Dafnis 039002 0.0820.00° 0.13:0.00" 0.00920.00" 521:0.12° ND?

244 0.49:0,00° 0.07820.00° 0.20:0.00° ND ND ND

Bravo TY 0.94£0,01° 0.1260.00° 0.30£0.00° 0.0500.00° 2.92+0.07° ND

Tomato Minichal 0.4820.03° 0.082+0.00" 0.33£0.01° 0.046+0.00° 6.11£0.07° ND

Dotacrang Dia 0.500.00° 0.07620.00" 0.180.00° 0,04120.00° 9.01:0.76" ND

Tico 0.59+0.00° 0.04920.00° 0.80:0,01° 0.05820.00" 1.8620.04° ND
Tabol 0.31£0.00° 0.0240.00% 0.13£0.008 0.037£0.00° 0.16:0,02 0.970.06"

Jacarlo 0461001 0.06420.01° 0.3310.00° 0.03620.00" 3.12£0.17° ND

Nagano 047£0.01° 0.02520.00° 0.22+0.00° 0.01420.00° 326+0,04° ND

Paprika Lunik 0.440,02° 0.1130.00° 0.27+0.00° 0.022:0.00° 3.11£001° ND

Sven 0412001 0.036£0.00" 0.22+0.00° 0.016£0.00° 4.90+0.08" ND

Orandino 0.59£0.14° 0.054+0.01° 0.29+0.00" 0.018+0.00% 3.6920.06° ND

Colorjjang 0.7420.01° 0.177£0.00° 0.52+0.01° 0.109+0.00° 6.4240.14° ND

Peoper Dackwonsconeon 0.110.00" 0.245£0.00° 0.720.05" 0.112£0.00" 521:053° ND
Gilsang 0.2620.01° 0.0170.00° 0.2920.01° 0.055+0.00° 4.68£0.13° 1.00£0.03
Cheongyang 0.40£0.01° 0.0410.00° 0.22:0.02¢ 0.052:0.00° 1450,03° 1.38+0.04°

DAIl values are expressed as meantSD of triplicate determinations. Means with different superscripts within a column (a-g) are significantly different at p<0.05 by Dumcan’s

multiple range test.
INot detected.
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FTHUE AR, 97]= 54 F3F°] Ca23.52 mg/100
g), P(45.29 mg/100 g), Mg(20.05 mg/100 g), Fe(0.87 mg/100
g), Mn(0.58 mg/100 g), Mo(8.44 11g/100 g) JTellA 2L 7
Z M =& FE Ueilla, Bgole Ar FFEHE
Axy|, SERoh He F AFE FFo] dEFir1d
kol Eton, Tev S0 A&} A A o] ARQIm
A FFol ThFF714(Ca, P, K, Mg) o] =341, 1
2 Ca(12.28 mg/100 g)¥} K(241.42 mg/100 g)-& Akl <71
FEAA 7Y =& S e Ats ZReARR] 2E
%, ok, B2 FEOAM T ol #8ka, o &
ARl AW, 274 FFol A nlRT71E ko]l =3k
on, FYI FF(FTR)E AAERE 1O Tl tEr=
AL & 4 AU ERFEE K, Mg, Fe, Zn A ¥-9] 3tiko]
o Yo EnfEd ZY 29 tH el e e g3 E
PtEWYE, 2|3, BatETY)7F Aute e 23S Ve
o, g7 Wyt =g A Fehalo] AZH Z|o]
Bl 350l mE ol Apoll Ae & 4 Uk 15
= AN FFAEE AHET AA FEE e, )
oMM Fr1AE el en I F gAAd-E P(79.57
mg/100 g), K(638.59 mg/100 g), Mg(37.30 mg/100 g) 3 ¥-°|
B AT EAT AL/} AT T P = S
YERITE o] F71d B4 A5 FHlqA] 2] 4ge]

ic)

i

il
X

AR 718 AP R E A Fste 7S FAHAER
ke gk Ao BAY AEe A 244, 24,
FEAAE FlHa ol & Bl AFE =& A FE
TESlo], B Aol A 43 B8 A5 AE4ER
DB 7-%3 =7l B4 FAEE A @S 913 2194
Ue 7N ARE F8E F IS ez JdHnt

10.

11.

12.

£ A 53108 3 5AFAIEEA S PI01342707)
o, olo] AAL=HUth
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