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ROk, WE, B, UK, FOF
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¥ E: B THIITHXERD 9MICEK. Na, Ca, Mg, P, Fe, Mn, Cu. Zn)& &G, A&k X
FTF AL R ERSERE A, FH LS & 458 B 76159 (inductively coupled plasma optical emission spectrometry,
ICP-OES)%f 16 Figiksh 9 M KM TN . &R SR PrYiocESuiEwF£E, AARBEPLFICE
AR 225, [ —FE AR FER MBS C R it A IR, i) & e 17~98 mg/100 g; H9E
HETE 4~359 mg/100 g; BEAY TR AE 2~114 mg/100 g; MY HE7E 0~90.6 mg/100 g; & 5t 7E 0~0.55 mg/100 g;
B ERE 0~1.44 mg/100 g; F5AY & HAE 3~412 mg/100 g; ZMERTE 0.3~3.3 mg/100 g; 4h&RLE 0~
233 mg/100 g. &5 AFAFEIRANT ANTH IR E AR RN AR, [R5 38 8 F7 434 B vk
iett=%,

KR BRGSO, B3 IR

Investigation on 9 kinds of mineral elements in 16 kinds of vegetables from
Liaoning province

ZHU Bing-Ya, LIU Si-Fei, LI Yan-Sheng, LIU Tong-Tong, YI Ping"

(Liaoning Provincial Center for Disease Control and Prevention, Shenyang 110005, China)

ABSTRACT: Objective To study the 9 kinds of mineral elements content of vegetables (K, Na, Ca, Mg, P, Fe, Mn,
Cu, Zn) in Liaoning province. Methods The vegetable samples were digested by dry ashing method. Nine kinds of
elements in 16 kinds of vegetables were determined by inductively coupled plasma optical emission
spectrometry(ICP-OES). Results There were lots of mineral elements in vegetables. But there were some
differences in the content of various elements in different vegetables, and different kinds of vegetables in the same
genus also had different content of elements. The content of phosphorus was 17-98 mg/100 g; the content of
potassium was 4—359 mg/100 g; the content of magnesium was 2—114 mg/100 g; the content of sodium was 0-90.6 mg/
100 g; the content of copper was 0-0.55 mg/100 g; the content of zinc was 0—1.44 mg/100 g; the content of calcium
was 3—412 mg/100 g; the content of iron was 0.3-3.3 mg/100 g; the content of manganese was 0-2.33 mg/100 g.
Conclusion The results of this study not only provide a scientific basis for people's choice of daily diet, but also
provide a reference for the analysis and evaluation of the nutritional composition of vegetables.
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B ENMTAERETLAA L ENZ—, BA
IR o 8 E PR B AR 4L 1990 581t
MNEHR R C. 4B R A REECRIET# R, i
B LR NRIREG W B BRI Z —, RTHRS
B R T B A KR HGE", FRE R RERA R
RELPE, DAt DX R 43 N0 5 i S Hh 40 00 Jo e i 0 A
Y BT 5 AR R SRR B VDA O, — 1t DX i 3 PR 45
BRI BE AP T X A T A 7= I A 7 i EL A5
A 1T P

RiE A S S R R, TR AR &, B4
RO A#% Q58 ARSI (ultraviolet, UV)HI KA 5 F W Wi 618
£ (fire atomic absorption spectroscopy, FAAS)F il 5 A &
BAR, Jouk B E ZRO0E o BUERHE G A B R OGS
#%  (inductively coupled plasma optical
spectrometry, ICP-OES), &Ll HL &M & %55 FH Mk
HEUE G AT vk, B HERA R = AR R L R R
. W bR, PR REEIYE . AT R BT E 2 A On R SR
M, ESNCTTZATHRRERR A A . 0. &R SRS
R R OC R BI E RERER A S BT R SR L
(ICP-OES) X Jit 1% 7% (inductively coupled plasma mass
spectrometry , ICP-MS)J Z I FHE IR BE | AE B AH A
SR AT, U5 RO S A R B X TT R B A4 B B
JE A S A ST

AHWFFE R ICP-OES A5 T 1L T HuIX 16 FhA [l Fl
KM 9 M PIT R &, T IRAHL DA [F] 5 gk 3
FID TRICR W25, N 2 A B SR R Rl 2 K
h52%,

2 MREREE

2.1 KR

FEPRIT T X IR DL 16 Pl SEVE M WFIE R S (2%
3R b A, ARSE Mo L. AW
DoKEE N BTSN BES L REAE; SREEZE T R S,
SAGRET), FHLR . 5. ST EiT. ML),
WAF KA N, Hob B 3 Fh b A8 b, K
N 2R S AT SAGREE); 2 Fiih
T BT BT BRI BN S A AT
WES,
22 UE5EHH

Optima 2100DV HLEHE & 25 8 1 & SHERHL (GE E 4
G IBIRERANT]); ok (35 E Thermo 22 H)); BS110 HL TR
F(0~120 g, JbHTEEZ RN RAT RA A,

emission

#1100 pg/mL, ANHERE 2%, PETERAF ),
A1 (1000 pg/mL, AHEFE 0.5%, P EHEREERE);
5Bk B FE(1000mg/L, AEIERE 1%, JLalInsR K
BHEABRAFD; B5(1000 pg/mL, AHERE 0.5%, HEIIHI
MOEBHE A R FD; #1000 pg/mL, AFERE 1%, HE
THERE T b)), AMER (L at, dbRtfb 1)), L=
7K M Milli-Q #4liK .
23 ELWHE
23.1 Hswara®

P SLIRRE ARG, ST, WERIAREL 2.0 ¢ THIR
o, BB THRAWCE 200 CCHE T, BRI
P bacdb, BRI E HERY T 550 °C, il
1t 4 ho 14 S%IHMR A Z UM A SISHIR T, PR F iy K
ERER, FENDRRER A S] 25 mL s g, 2K
ERZEZIE, f#t ICP-OES EHLIE . 25 (ke SHEht
IR VE AR
2.3.2 ICP-OES L% &1

BT A 15 L/min, ZHHE 0.8 L/min, 25 H#
0.2 L/min, HH3h% 1.3 kW, WIEEE 15 mm,

JLEiEL(mm): 4 589.592; 4 766.490; 45 317.933;
B 285.213; W 213.617; % 238.204; 4 257.610; 4
327.393; 4¥ 206.200.

3 HER55H

16 AR ESE P K. Na, Ca. Mg. P. Fe. Mn,
Cu. Zn MFEWFE 1 PR ALK R E K —HAprifE
VR E GAENSHEYT, 55 R MR LR
HEATIE, BEEWME 3 RBCEHEE LR EE R . W&
2 R LR R TR EE S RS EEER, &
TR AR TE 95.7%~105.3%2 1], 13 BH A 5286 5 vk
5 1=

mE 1 Pon, RREFEE LMY 5 & EARK
ZH, R 16 FhEEse T, SRFHMT YT ES
WU T AR SR, B B B ML B BRI
s IS EERE N ONIMES, S ERE NS MAE
EE); RS MM 2 AR LR 3 A
BYLOEREE . RO R, MOEICRE . ML WL BEa R
AR o AR B T OO 1R VR B 1 AR A RR 2 4
BLAGEREAGTE B0 B v o B i e R AR S T &
e N I i 3 R R R G R, XA
PR TR SR AR KA Bl G A5 (Ca) B (K)FE R 3% Hh & 2
A H IS B AR 2| ALEN, &850 0
Hl(Cu). % (Mn), ANARMIA BB ABA R AGEKKR,
Rt REEMFHERIEANHBE, B3RP 2 FiocEm
TR AN,
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1 16 MESEH 9 MRS E (mg/100 g)(n=3)
Table 1 Determination of 9 kinds of elements in 16 kinds of vegetables(mg/100 g) (n=3)

FE AR i3 p B il il 2 5 78 %
ENIT(EE=A) 54 126 26 15.6 0.22 1.44 45 0.8 0.76
gk 17 13 2.0 27.5 0.3 <0.2 25 0.7 <0.2
piNRln 98 359 114 1.6 0.55 0.95 412 33 1.64

€3 60 216 49 32.1 0.21 0.64 85 0.5 0.6
oA 30 4.0 3.0 40 0.24 0.22 9.0 0.6 <02
GEEAN 24 81 4.0 29 <0.2 0.23 29 0.3 <02
ST 32 126 12 26.8 0.26 <02 15 1.2 <0.2
fif 252 59 133 22 <1.0 <02 0.91 49 0.9 2.33
KE b 22 89 4.0 39.4 0.3 0.49 28 0.7 <02
A3 38 128 33 77.4 <02 0.4 72 2.2 0.42
EE ) 44 116 7.0 42.5 <0.2 <0.2 25 0.7 <0.2
+3 56 311 15 17.4 0.29 0.57 3.0 0.9 0.26
liipaEd 80 192 32 90.6 <0.2 0.53 54 0.9 0.2
GAGET) 70 216 31 42 0.29 0.2 50 1.6 0.39
B 98 290 13 22.9 0.28 0.29 28 0.6 0.23
it 78 221 35 31.3 0.35 0.75 48 0.9 0.31
FHME 53.8 163.8 25.1 33.2 0.30 0.59 61.1 1.0 0.71
FrifE2E 26.0 101.1 27.6 23.9 0.092 0.36 96.1 0.76 0.71

Fz2 THRERE@N=3)
Table 2 Element recovery(n=3)
T2 AR EEME 1 EEWE 2 HEEME 3 A PR (S RIS 5 EIEE bRk 22

/(mg/100 g) /(mg/100 g) /(mg/100 g) /(mg/100 g) /(mg/100 g) /% 1%
5 146.25 145.56 146.46 146.09 15348 95.4 0.47
B 240.87 241.41 240.79 241.02 230£14 104.8 0.34
% 14.05 14.09 14.23 14.12 13.9+0.4 101.6 0.09
B 1836 1835 1832 1834 186090 98.6 2.08
Gl 1.54 1.57 1.59 1.57 1.5 104.6 0.03
il 1.06 1.04 1.05 1.05 1.02+0.05 102.9 0.01
B 3.69 3.64 3.68 3.67 3.8+0.2 96.6 0.03
1773 632.9 632.5 632.8 632.7 660+30 95.9 0.21
ki 0.276 0.269 0.273 0.27 0.28+0.1 96.4 0.00
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4 FHR5L

WHTICHE N 8 KEFEZ —, XA PR
EEEMEH . 2R RY, Ry YTUCE SRR
AR AR EE A EOUR, MIKRNBCRZ
B SRS, O ULEESS FNZE SN IR SE R IR . DRIk, £
A R I s e T E A A R A s Y, AR
W58 R B G S AR B R R B A
3590 pg/g, TMAZFETEA T REIA 906 pg/g-.

BEn] LRI iR, B h B S AR =, 9
TSR EL 1140 pg/g.

5 RO YA LA P e 21 ) A B A8, R
FEAMLEES PR G RS R AR L A REE S
Mo XFHGRHEGER IO, 50 % Rk Bk
SR FHUP . S 4% SR 3 W 8t S vl 5 RO 5 A
o IR A RS, HA R AR X R
— st Hp S B DR 5 30 pe/e, BESTREERAIIR
PELLH 170 pg/g.

BRoOH L B BRTERNE TROEICR . RN E S R
B A T A A A A T ) B 4 A
gy, ABE SR —FhE A 8, WO S SN 2 R Y
TP, A A Az 3 e

BEXFEE BTG A B R L, R BT 2
PR ARATAE . BEPRI . Il . AEAH A SR IR R B
R BHEARTERED, F TR Aa s K AT .
S L AN O S - N A P A o2 (3 B 7 W
R Z HFHERAR ARG B RS ERST %,
ARSI RGP k. . B BEE R, B
ST O Al 0 AR Gl T R AR AR T et o0
FUR BB NI S R, X AT SRR KR E
WER . B, 85 BEEBRCSR T S RO B RAE AL 21
ATBHIN; MATGRARTRINSE . 5. M. st
Srmthigd,

HIE AT L, BESRR TS & AR, b FEa P BC R 1Y
PRt ER AN ) b 2 B S0 W 0 T 3R 5 A7 A 22 57,
MATHEBERE G SR Nk PR 2 g E B, D)2 K s — b
KGR, Lhurd s Rk
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