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Abstract: A method was developed for the speciation analysis of metal elements in the oral liquid containing Polygonatum and enzymes.
The suspended or soluble metals in the oral liquid were isolated by using a 0.45-pum microporous membrane. The inorganic and organic metal
species were purified with a D101 macroporous adsorption resin, and the protein-bound and polysaccharide-bound metals were separated from
the organic metal species by acetone and absolute ethyl alcohol extractions, respectively. Microwave digestion-high resolution continuum
source flame atomic absorption spectrometry (HR-CS FAAS) was used to determine calcium, iron and zinc in different species. The results
showed that there were high contents of calcium (318.80 +5.38 pg/mL), iron (17.93 +0.28 pug/mL), and zinc (3.50 £0.06 pg/mL) in the oral
liquid containing Polygonatum and enzymes, and most of these metal elements were soluble. Organic metal species were dominant among the
soluble metal elements, with organic calcium, iron, and zinc elements accounting for 54.11%, 49.74%, and 55.40%, respectively, of the
corresponding total metal elements in the oral liquid. Protein-bound calcium, iron, and zinc accounted for 16.24 +0.39%, 12.42 +0.22%, and
13.21 +0.29%, respectively, of the corresponding total metal elements in the oral liquid. Polysaccharide-bound calcium, iron, and zinc
accounted for 25.07 +0.50%, 18.47 +0.28%, and 4.35 +0.29%, respectively, of the corresponding total metal elements in the oral liquid,
showing that the polysaccharide-bound zinc content was lower than that of the other metal species. The proposed method shows a high practical
value, providing a scientific basis for the speciation analysis of metal elements and illustrating fundamental data for further study on the
functions of the oral liquid containing Polygonatum and enzymes.
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Table 1 Operating conditions of HR-CS-FAAS

. EK Sl MRBERE  LHRAE ZTARAET RREIE
/nm /mm /(L) /(L) /mm
Ca 4226728  C,H,Air 70 470 6
Fe 2483270  C,H,-Air 80 470 5
Zn 2138570 C,H,Air 90 470 6

1.3.2 A7/ TAR s & 69 B

FH 0.5% HNO; (V) ¥ 0H Ca bttt iz
ke, T 0~10 mo/L AUbRUE RFIVAR, HiH:
HRENIN KCL AT La (NOg) 3 TR, fEHERE AR ED
# 1% KCI FFi 741 0.5% La (NO3) 3.

F 0.5% HNO3 (V) ¥ Fe Al Zn SRl
BT B ARE IR H K 0~5 A 0~4 mg/L FIARHE R
B, FRm AR KCHAR, S H RS
#70.1% KCl.

133 wWHME v Ry &R AEEEHNE

HEFIFZ I 5.00 mL BORSEF 2 UIRIRE T TR 2R
VUSRS I o AR+, NN 5 mL & HNO A1 2 mL

30% H,0, (V), 7£2 H FAL BT i 1 A# 1h
FA, FEEAIA 2 mL 30% H,0, (VIV), F4% 2
PR TR A TR AR . A, KBRS
50 mL /MR, REIFE T b, TR R
1000 W, 7538 XU A In#E I T, A 0.5% HNO3 (V)
T2 e N AR, IR el s 42 25
mL A&, F 0.5% HNO; (V) BT E R ZEZIE,
PRI, TR DARIRE e Ot i . R Bl 4
JEICRIRERI SR, F 05% HNO; (VIV) ¥
HHTIE MREEIMRE, S5 R HR-CS FAAS #4790
FE CHRAE 1.3.2 5 [ RFIIARE SR s in— 2 &1 KCI
1 La (NO3) 3¥WD .
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Table 2 Conditions of microwave digestion

F¥ EHMpa  BIEs HOEHEMW
1 02 60 500
2 05 60 1000
3 10 120 1000
4 15 120 1000
5 20 60 1000

KA TR EIFALER: 535 5% HCI (V). Jiii &
WRJE 50 g/L NaOH FJo/K ZEESeis KU IR, Peik)s
BRI AR IRAFAE K A B, AT 1% HNO3

(V) BL 2.1 mL/min F70EE L 1 h.

KIS AEFIRIIESE: 7 AR 10 mL FiEAE
50 mg/L Ca® ¥ (FH EALASC R A TEHL Ca B FAD
ib Bk 3 MORFLRAER: (RN EAR N 1.6 cm, HEECN
10cm), FH 1% HNO; (V) LA 2.1 mL/min HILisRE
MG, 3% 3 min/E 1 E R, H HR-CS
FAAS & & & IO RE .

FE O BT 5 20 B (] 52 . 2 RS H 10 mL i
BV 50 mg/L CatyA (| F) idiEv 5 cm. 10
cm. 15 cm 120 cm f) D101 KALRIAER:E (BB EAZ
916 cm), 1% HNO; (V) Lk 2.1 mL/min K
PRI IE, ¥ 3 min/E R EECEE G R, FH HR-CS
FAAS & & HIOGRE .
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Fig.2 Effect of burner height on absorbance
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Fig.3 Effect of different macroporous resins on the separation
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Fig.4 Effect of column height on the separation
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Fig.5 Effect of the volume of added acetone on absorbance
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Table 3 Regression equations, correlation coefficients and characteristic concentrations

AE =252 KMTCENMgIL)  AMXARH SRR ZIRE(Mmg/L)
Ca A= (0.0029893 +0.04725455c ) / (1+0.0206515>C) 0~10 0.9992 0.092
Fe A= (-0.0013854 +0.0256013>c) / ( 1+ 0.0194315>C ) 0~5 0.9996 0.170
Zn A= ( -0.0018482 +0.1311885>c ) / (1 +0.1288429>C ) 0~4 0.9989 0.033

%4 Ca, Fe I ZIn TEEHSSE

Table 4 Contents of various Ca, Fe, and Zn species in the oral liquid containing Polygonatum and enzymes

Ca Fe Zn
P& FE A oA RERE oA % 23 A
/(ug/mL) 1% /(ug/mL) 1% /(ug/mL) 1%

S 2 318.8045.38  100.00:.69 17.930.28 100.004.56 3.5040.06 100.0041.72
TEA 242.1643.97 75.95:4.25 12.1240.17 67.5940.95 3.0740.05 87.88+1.43
BES 76.66 24.05 5.81 3241 0.42 12.12
FAZs 69.64+1.89 21.8440.59 3.2040.05 17.8530.28 1.1430.03 32.4840.86
AL 172.50 54.11 8.92 49.74 1.94 55.40

FOs%4As 5178425 16.2410.39 2.2340.04 12.4240.22 0.460.01 13.2146.29
S M A4 79.9441.59 25.0740.50 3.3140.05 18.4740.28 0.1546.005 4.3540.29
2 4 a5, FORSEER IR Ca. Fe. Zn &

BEE, %N 318804538 pg/mL. 17.9320.28 3

ug/mL. 3.5040.06 pg/mL, % LARESERAFE. o]
WA EELANANTE, Cas Feu Zn IE LSS
IEF ) 54.11%. 49.74%. 55.40%. & A45 G
LRSS REISTER 2 M a7, HF Ca,
Fe. Zn MEHZEEEDMNEELET) 16.2440.39%.

12.4240.22%. 13.2140.29%, ZPHLEA T HIEE]M
H 25.0740.50%. 18.4740.28%. 4.3540.29%, [& T
Zn (M HESE AT LoD, HALRIATR &
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HRA+ Cas Fe. Zn SEFEE, 478 318.8045.38

pg/mL. 17.9340.28 ug/mL. 3.5040.06 pg/mL, % LLA]
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