MR E MR Modern Food Science and Technology 2017, Vol.33, No.10

M R -[R T IR AR o34 3 TR P
IR FERT

BRLf ", MokAE', XfE', MREERB’, ERALER’, Bk
(LM TARFRARS (A4) T/AEFR, IHEMN 221111) (2. 5THFF BHLAFFRAE), THMAM 221200)

. &5 A AARE-RFBMBEARSH R ST 2B TER AN &, @i 045 um MILER LIS TiasfEE 5605
B, &8 D101 RIS B TES FANSFAMNE, BAARERRALGRES T RESBANS, AL 50 P-E
42 IR KIGRF BB ENE REIH A4 Ca. Fe Fo Zn, RKM 3 AFRES T Ca. Fe fo Zn 2FAMRF 5, TEATHEATL X
B, THESFTARANEH I, 5450 RERTANE Ca 25/ AT E<300 ku 699-FF, HNE Fede Zn B Hfisr+
F<Qku t45-FF; EAEEORRT AL Cafe Fe 2BNH LS TFE<300 ku 495F P AIA Zn £ EHFE<Skutia
T, EREEE PAME Ca. Fefo Zn TE20HENTE<B00ku 95T F. %5 EBA K5 0E RN, A= A5k S0

8o, HERRAT S4B E 4 A A PR R A -
SR AR, KIBRFINCLEE, 2BE; AT p -
NEES: 1673-9078(2017)10-254-261 DOI: 10:13982/j.mfst.1673-9078.2017.10.035

Speciation Analysis of Calcium, Iron, and Zinc¢ in.Three Kinds of
Health-care Food by trafiltra’M-Atomic

Absorption Spectrometry

i*, XING Jian=chao®, OU Li-hu?, CHEN Shang-long*
ou Institute of Technology, Xuzhou 221111, China)
a Co., Ltd., Xuzhou 221200, China)

Abstract: A method was developed for the speciation analys{s of metal elements in health-care food by ultrafiltration-atomic absorption
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spectrophotometry. The suspended and soluble metal elements in health-care food were obtained by 0.45 um filtration membranes, and the
inorganic and organic metal elements in soluble species were separated by D101 macroporous resin. Moreover, the organic-form metal elements
were separated based on the molecular weight with-ultrafiltration membranes. The content of calcium, iron and zinc in different species were

determined by microwave dige igh resolution-continuum source flame atomic absorption spectrometry. The results showed that the three

kinds of health-¢are food were all rich in calcium, iron, and zinc. Most of them were in soluble form, of which the organic forms were more than
half. The organic wium of oral liquid including calcium, iron and zinc was mainly distributed in the fraction with molecular weight< 300 ku,
while tl&rgan iron and zinc were mainly distributed in the fraction with molecular weight< 8 ku. Most of the organic-form calcium and iron
of oral liquid including polygonatum and enzymes were distributed in the molecular weight<300 ku fraction, while the organic zinc was mainly
distributed‘in the. molecular weight < 8 ku . All the organic form of them in solid including enzyme were mainly distributed in the molecular
weight <300 ku fraction. Therefore, the proposed method has favorable practical value. It provides much basic data for the further study on the
functions of the health-care food, especially for the biological effectiveness research of beneficial metals.
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RIEERIZ 3 M IREEGCATTEN R, HFFEH Ca. Fe
M Zn FIAFFETEAS « SKERAI T 0.45 pm LRSI
VEASHIRTVEZS 73 18 s P FHORFUA IR A BT P A5V
SEITCHIAS AN 28 FIHT 4 FHASFFURS
JEME AL I ATV, 193] 5 Ay, 4o 8 ki
L 30 ku i 50 ku 3B 300 ku iEid
300 ku Ak B VLo SR FH UGB T AT e i O AL
5 P 55 4 9 - 8 48 006 R e S YA 15 35 Chigh/
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FEAREEZ, SIS R

IRHHER . EALER . TR 30% AL Ay (H
IR, EZERRFIARA R k. A
AN, oK OEE. S, B YR e,
2 LR PR A 75 CavFe A1 Zn FRAEA(100
mg/L) ERWFAF A0 D101 KFLKAG, PR
VSRR IR PR A A5 SRIR R /RES Mgtk (B
FHEN 18.2 MQrem); IXIEES ML 5%(VAV)HITHIE
VORI 24 h DL E

12 (L 5#%

ContrAAI700 75435 W X
(high resolution-contintium Seurce atomic absorption
spectrometry, HR=CS'AAS), #&[H Analytik Jena A F];
LABSCALE #i8&% (BA#EE > TRED N 8
30 ku, 50 ku 1300 ku [l KRB BIOMAX
e, A &ﬁﬂ%ﬁso cm?), 5[ MILLIPORE A #);
ascada’ SEIGAERAIK 245, 25 [ Pall A ] ; XT-9900
FRETR IR . XT-9800 % FHFRACER I, i
AR E ARG R A R206 Jighk 25 kA,
FHERARHTARAT; BL204 HFRT, HEREE)-
FERIZ A (R AR A ) s BUis, 7E[E Eppendorf
ANF]; 220V-AC HLFHLE (0~2000 W), AR 74X
AR AIRAA .

1.3 ¥F&E
13.1 B IAELMF

FRAESCHRPRIE, % HR-CS AAS TAEZME,
% 1,

1 R
( | %1 HR-CS AAS TE&M
y Table 1 Working conditions of HR-CS AAS
AE KK /mm K £ A PR R LA /mm THAE/(L/h) = A RE /(L) R 25 3 8/ mm
Ca 422.6728 C,H,-Air 100 70 470 6
Fe 248.3270 C,H,-Air 100 80 470 5
Zn 213.8570 C,H,-Air 100 90 470 6

132 ARME TAE W &K 49 B

1 0.5% HNO;(V/V)it it Ca britb i it Ti& 44
FikE, FCHIAL 0~10 mg/L IARHE RINER, IR
S I0 KCL A La(NOs) TR, fEHESE A FE 4 1%
KC1 A &5 %7 0.5% La(NOs)s3.

1 0.5% HNOs(V/V)i# s Fe Al Zn SR 0T

BYFRFE, 73 BIECH R 0~5 A1 0~4 mg/L [KIFRAE R I
W, AR KCl W, IS A FRE S
0.1% KCl.
133 fRfEse P& B TEE NN
YT A% B — 58 A R B B — 5 o & ) g
(5.00 mL BFER4E5 IRV 5.00 mL TERERE R AR

255



MK EmBHL

Modern Food Science and Technology

2017, Vol.33, No.10

Wi 0.5g 4 CRETIZE 0.1 mg FRREZ) BT T1RM
RIS LM T ff R, N S mL ¥ HNO; A1 2 mL
30% H0x(V/V), 1EZ HPAEFIMEC i FVH % 1 h
FeAr, FEIEHIIN 2 mL 30% H,0.(V/V), %32
TR T RS AT S PR . A G, KR E 50
mL /NFERR R, TR F T L, T R TR A 1000
W, TE# Kb NI, H 0.5% HNOs(V/V)iE i
Z MBI R IR, RIS & 25 mL
R, ] 0.5% HNOs(VV)IERERZELE, 155
&, R CAFRE v et R ARE Bl 428 o
RIREMIRR, ) 0.5% HNO(V/V) B0 Hodk 4748 24
fEERRE, AR5 14 HR-CS FAAS BEATIE (HR¥E
1.3.2 5 M A UFE v s in— 2 &= 1 KCL A
La(NO3)3 {?}1/&)0
2 BORIERREE

Table 2 Conditions of microwave digestion

F IR JE 71/MPa BFIA)/s BRI FIW
1 0.2 60 500
2 0.5 60 1000
3 1.0 120 1000
4 1.5 120 1000
5 2.0 60 1000

134 RJERAELM09:44F

T RS RIS o 0 AR SR (s YA Rf R X IS
0.2 mg/L Zn* FEE THIEN FEiTuiye ) A
W AN RS ERE (8 ku. 30
1300 ku), FFRHFEC, i 10mmL/ () SIdE %
RV, AR A A RT<20 mL R, R A RO
A 100 mL #84lK, BHEHEAE, HEWES] 60 & (600
FAAS TS IR
ORI 73T A
FEHL 150 SRV I AR T (Ca’: 5.
10- 30, m&f F&': 0.5, 1. 3. Smg/L: Zn":
0.2, 05. ng/l) B TS (2% 8 ku EBIEME,
HOTETEGEY RS JER RIS 4% 10 mL/AF
J7 NSRBI AR R R A AR <20 mL B, [9)
FESFERIIN 100 mL B4k, EEIRME, EEUE
F|50 % (500 mL) ZEidik, f#H HR-CS FAAS &
FEHIRASE
135 TS5 EFENBFNE

HE R A% B — 52 AR R BORR B — 2 J = 11 A ik o
(2.00 mL &7 BE45 ARV 50.0 mL HOREREZR 1
IR 10 g 7247 CRERAZE 0.1 mg) [EAREE) BT 250
mL ZEH, ALK R 2ZE, HH 0.45
um LIS IS, fATIEASVAR . 1% 1.3.3 Tk
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3.7 AR AR ARAL G BRG H5F R EATT
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ku R ENE, FRNEEDD PR, JREEENG
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mL IR, [FRERRE RN 100 mL B4k, HEEEAE,
HEWER 500 mL EH, BN 8 ku Bkl (S
W EFE A< ku AL, 4% 1.3.3 T55754T
THIEANE, E s FONTONESFI< ku FIANIESSE
JBICER S B R ; SRJEAF ILAXES, 4 30 ku AR IENE,
BHE FREAE, FrlER 500 mL &L, BN 30 ku
B IR 8~30 ku IAHLAS, $#1.3.3 1%
HHATHEMAAIE, MWELERN 8~30 ku FANAS/E
JEEETE); WUCE R 50 ku A1 300 ku ABJERE, USEER)
FIE 5y WA 50 ku ISR QHIERA 30~50 ku A
HLASD F1300 ku 3B (HIATBCA 50~300 ku FIFTHL
A0, 1% 133 WS AT, e S5 H 50
N 30~50 ku A1 50~300 ku FIAHLESESEICR G E);
5 B A R R AR RN 300 ku A RE VR
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KT o AR 1 IR (REHBEZ D IR) F44
BAENEE/(gml); o HBKREETEEELENEE
nglg);, p AEMEES R T & B UK G R ERE/ (ug/ml);
n ARSAREAEEG V) AR R e R KA mL;
Vy A A BARS R mL; m A AR B g.

FrAS AR5 AT INGE 3 IR, R HE
FHSHFRIEEAR 2 o

2 RGO

2.1 HREAE A BRI R

I LL 0.2 mg/L Zn> VEBCATT AN 4., 1%68% 8 ku.
30 ku. 50 ku 1300 ku iX 4 FPERAS FAEEIEETZ 1.3.4
TOPFATERAE, e RO, Wk 1 AR,

0.10 N
=30 ku

0.08 -—50kn
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e
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Fig.1 Effect of the ultrafiltration me/r;ibrane specifi
the separation effect of Zn?*

FHPE AT, SRS eI Zn® N IR I
SR, OGREARAE FAHE . RIERITAS,
FERLR IO EERE ET, BIEE 3 (30 mL) I,
HE IR ) 1 i S ieE, 5

14 % ( , BRI RGE N, X2
T BB TR A SR RO 1000 mL AB4EK, fdRE b

Hh Zn® BRI I A B AR, BI5 30 8 (300
mL) i, EMRH 2 REWREH LT 5% (WIh
WD), %394 (390mL) I, @& Zn® i
WPEHBEIEE] 0. WRIGHTIEFFNIX 4 PR SER (8
ku. 30 ku. 50 ku F1300 ku) FIEE 7> 7B KT
THLAS Zo™ 195y T &, MITEHLAS Zn® A LUBTR b3t
IXELHEERE. HUk, T EKT RS S TR E
(o4 5 1S P DAAE — 52 (A P i) PRy i e o

22 AR H TR AR B H R

"

| ARSI Zn” 43 B RO Y
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Fig.2 Effect of the initial concentration on the separation effect
A 4
FH ] 2R, PN TEIRIAETREE X Ca®™ /> B R K15

WK, 5 mg/l Ca WA 4455 (440 mL) B,
B Ca” IR AR 05 10 me/L Ca™ VA EIEE

<6 B (460 mL) B, B Ca¥ R EIK AT 05
3

0 mg/L CaXﬁi?ﬁJ% 50 & (500 mL) I}, #EiLH
2 TRERR IR T 0.2% (HIUERIE); 50 mg/L Ca™" ¥
WA H.50 & (500 mL) B, B Ca® R EIRE
&T 0.5% (WIEHRED). Pk, Ca™ IEiIia IR Bk
FEART 50 mg/L ), $% 1.3.4 F5 05935347 8 T4 500
mL B, FTLME 99.5% LA E ) Ca™ il iR pERsE (8
ku), MIMTSZHL Ca™ 153 ES
RILL0.5. 1. 3. 5 mg/L Fe AR 4,
PP 8 ku I IEMTE 1.3.4 F577 VR TR, e St
WOBRE, Wkl 3 Fras.

045
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Fig.3 Effect of initial concentration on the separation effect of
Fe2+
RILL 0.2+ 0.54 1. 2 mg/L Zn* WA FRT A,
P8 ku MBIEM T 1.3.4 AR TEAE, e
WG, Wl 4 fos.
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FIEE, I 3 AT, Fe TETMIMA R Bk T 5
mg/L I, 4% 1.3.4 F577E#AT AR 500 mL &t
Wi, ATLME 99.8%LA i Fe? Sl HAIERE (8kuw), M
TMISEEL Fe™ M40 BS; HIE 4 T4, Zn® IEIVIAE 0
WA T 2 mg/L B, 4% 1.3.4 577V ERH THAEUSL4E 500
mL 3R, ATLME 99.7% LA 1) Zn® it IR (8
kw), MIMISEHL Fe? K153 8

2.3 ARvETARdh &R

13 1 P TAESAT, 4 HR-CS FAAS i+ &
K& B IO R bR E R VAW . DA IR FE (o) WAL
bR OGP (A)jjé}}d:ﬁ, % ASpect CS ?Xﬁ‘ il At

PEVEREL AR RO AL IR 3.

HIZR 3 TR, fE—EREVERIN, &Rt
RSO R RIF IR R (KRB KT
0.999).

24 3 A RER TSR TE NSO

¥k 1 R LAESE, f8TH HR-CS FAAS JIif 7l i
AR S, ARYE & & @ e R EIE R
HH& ST SRR &, A HER LK 4~6.

HH# 4 WA, Bk D IR R Ca. Fe F1 Zn &
BAEEFE, 2508 4571.2¢177.3 1g/mL- 581.41+9.83
pg/mL. 218.17+5.33 ug/mL, FZDIAJASIEAGEE .

5 R e R I
A Ca T ESATHE /T FE<300 ku (951, X35
F1 90.17%- AT HIASHI 97.68%, LL4rTH<8 ku (I
M AT, 7075 8300 ku MIEHLAS At HHL
B Fe EENMAD FE<S ku (04T, KRLE
) 81.63%~ 1 90.66%; HHLAM Zn EE 340
HES [ E<8 T, IEFS ) 83.88% AL
ASH)97.13%:;, XU RS IR A HLIAST Ca
FREIMAE TE<300 ku 1970711, HHLAH Fe £
Zn FEAAES T E<8 ku (1731 H.

&3 [a KABFEHERE
Table 3 Regression equations, co elation coefficients and characteristic concentrations
A& = )25 42 T8 B (mg/L) HIE R LR EIRE (mg/L)
Ca A=(0.0029912+0.0472551x¢)/(1+0:0206522%c) 0~10 0.9995 0.089
0.0256019%¢)/(1+0:0194308xc) 0~5 0.9992 0.181
311892x¢)/(1+0.1288435x%c) 0~4 0.9991 0.035
EZE 4 %#%%%@DHEIEITQEP Ca\ Fe #1Zn Jc%%ﬁél BE

Fe Zn
RERE (ugml) /% RERE/ (ugmL)  2H/% RERE/ (ugml)  2H/%
&F 45712+177.3  100.00+3.88 581.41+9.83 100.00+1.69 218.17+5.33 100.00+2.44
TR 4457.7+97.8 97.52+2.14 556.83+10.42 95.77+1.79 206.83+3.47 94.80+1.59
ey 113.5 248 24.58 423 11.34 5.2
T 238.1+12.3 5.21+0.27 32.1740.53 5.530.09 18.42+0.51 8.44+0.23
A 4219.6 92.31 524.66 90.24 188.41 86.36
<8 ku #9 AL 2078.5 45.47 474.62 81.63 183.01 83.88
8~30 ku #9H ML 723.9+15.6 15.84+0.34 20.81£0.52 3.58+0.09 3.32+0.22 1.52+0.10
30~50 ku 8978 AL 659.6£11.5 14.43+0.25 15.63+0.43 2.69+0.07 0.81x0.12 0.37+0.06
50~300 ku #9H AL 659.6£15.3 14.43+0.33 10.48+0.33 1.800.06 0.81+0.12 0.37+0.06
>300 ku 4978 M 98.0 2.14 3.12 0.54 0.46 0.21
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x5 EREEEORAD Ca. Fe flZn TEZRESSE

Table 5 The content of various species Ca, Fe and Zn in the oral liquid including polygonatum and enzymes

IS Ca Fe Zn
RERE/ (ugmL)  5H /% FRERE (ugml) /% RERE/(ugmL)  2%/%
$E 318.80+5.38  100.001.69 17.93+0.28 100.001.56 3.496+0.061  100.00+1.74
TEA 242.16+£3.97  75.95%1.25 12.12+0.17 67.59+0.95 3.073+0.052  87.90+1.49
EEA 76.66 24.05 5.81 3241 0.423 12.10
T 69.64+1.89 21.84+0.59 3.2020.05 17.85+0.28 1.136£0.029  32.49+0.83
HAE 172.50 54.11 8.92 49.74 1.937 75541
<8 ku B ML 60.34 18.93 4.16 23.21 1.523 43.56
8~30 ku # A HLs 46.98+1.15 14.74+0.36 1.88+0.05 10.46+0.48 0.197+0.017 5.64+0.49
30~50 ku #4H A 28.96+0.67 9.08+0.21 1.25+0.03 6.97£0.43 0.088+0.011  “2:52+0.31
50~300 ku 49 ALA  32.18+0.53 10.09+0.17 1.460.02 8.13+0.25 0.1030 2.95+0.43
>300 ku 44H LA 4.05 127 0.18 0.98 0.0 0.74
%6 EUNEEE Ca, Fe FIZn TREIARE ‘
Table 6 The content of various species Ca, Fe and Zn in the solid ificluding enzymes
2
SF/(ug/e) DA% A2 /(ug/e) A% SF/ng/g) DA%
&z 810.11+13.51 100.00+1.67 4394+0.91 2.485+0.047  100.00+1.89
TaA 499.09£12.24  61.61£1.51 534042 1.464+0.031  58.91£1.25
BFS 311.02 38.39 941 1.021 41.09
A 86.95+2.24 10.73+0.28 2.55+£004 5.80+0.09 0.304+0.005 12.23+0.20
A 412.14 50.88 21.98 50.02 1.160 46.68
<8 ku A AL 79.71 4.74 10.79 0.736 29.61
8~30 ku #9H HLAs 92.3442.07 '5.21+0.09 11.85+0.20 0.162+0.005 6.54+0.20
30~50 ku #9H ALAs 108.10+£3.22 6.2540.16 14.22+0.36 0.130+0.004 5.23+0.16
50~300 ku #9H HLAs 112.6142.76 4.69+0.11 10.67+0.25 0.097+0.003 3.92+0.12
>300 ku #94 M 19.39 2.39 1.09 2.49 0.034 1.37

HEe 5 A%, ORI R Cas Fe £l Zn &
BEE, 794 318.80+£5.38 fig/mL. 17:93+0.28 ng/mL
A1 3.496+0.061 ug/mL, BRI, AR

N, Ca. Fefl AN B
TA%AN 55.41%, XU HORERER
Wt Eéﬁ & T Can Fe 1 Zn, HHLAH Ca
TR TE<B000ka [14r T, SEF] MK
52.84%HHLAM 97.65%, LLorFE<8 ku FIANLE
RE: HHASER Fe FEMAGES T <300 ku 151
o, IABEER 48.77% AVIESR] 98.05%, LA+
E<8 ku AN NE; AVAR Zn FESAAEST
H<8 ku M1, BIEEEN 43.56%. AHLEK
78.61%; IXULAH RS R IR AHLAS ) Ca £l Fe
FEAE S FE<300 ku B9 T, AHLER Zn £
BOGLESS TE<8 ku 4T

B 54.

H# 6 T4, [EAEE K+ Ca. Fe fl Zn S EFH,
45 A N 810.11£13.51 pg/g « 43.94+091 pg/g A
2.485+0.047 pg/g, ZLARTIEARIEAAAE. ATEAH L
HHENTE, Ca. Fe Al Zn FIA NS BIEE S &K
50.88%- 50.02%F1 46.68%, Xt HH B I 2% 1 IR
T EHEERANA Cay Fe Ml Zn. HHIAK Ca &
B AL T /<300 ku H7r T, BEEEN
48.48%- AN 95.28%, - Ai¥s); AWK Fe
FENALED T E<300 ku T, EB @R
48.93%. AL 97.82%, A HHLASH Zn
FENALED T E<B00 ku [T, KB @R
45.30%- AHLEN 97.04%, LAoFE<S ku MEHLE
R X ULHEARE R H AL Cay Fe Al Zn £ %
IIMAGTEST T <300 ku 15T, o Ca Al Fe /347
¥151, Zn LAy TE<S ku MAENLASNE.
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3

g

3 MR ESH Cay Fe Fl Zn SEAVMRFEE, 1

ARESTEAAEAE, WIRSTUANEAE. S
F R Cas Fe Ml Zn &840 54 4571.2+177.3
ug/mL. 581.41+9.83 ug/mL Fl 218.17+5.33 ug/mL, &
P H) Ca B ARALES T <300 ku 1531, HHL
K Fe il Zn FEALES T82<8 ku 53T B
KB E IR CaFe M1 Zn &850 510N 318.80+5.38
pg/mL. 17.93£0.28 pg/mL fl 3.496+£0.061 pg/mL, £
HIASH Ca i Fe FZLAMGTE S F8<300 ku 15T+,
ANESH Zn FES LS T E<8 ku 141 [El1E
f#2H Ca. Fe fl Zn EiE 4050 810.11£13.51 pg/g-

43.94£0.91 pg/g f12.485+0.047 pg/g, HHLAM Cas

Fe Al Zn FEHALE/TE<300 ku (131, Hh
Ca fll Fe /3 it8)%], Zn iy FE<8 ku A HLAS N T,

(1]
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