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Determination of Four Nutrient Elements in
Tea by Different Digestion Metheods
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Abstract:The content of Calcium, Iron, Zinc, and Magnesium in tea were determined by using three digestion methods in-
cluding super microwave digestion, ordinary microwave digestion and wet digestion, combined with inductively coupled
plasma generation spectrometer (ICP-OES). The applicability and advantages of the super microwave digestion technology
were explored by comparing the experimental time, digestion effect, precision of the measurement result and recovery rate
of the three digestion methods. Studies have shown that the super microwave method had a good digestion effect for tea sam-
ples with a large amount of organic matters and complex ingredients, and the digestion speed was significantly better than
the other two digestion methods. In summary, the super microwave digestion method could be used as an effective pretreat-
ment method for element analysis in tea, which greatly improved the work efficiency with the accurate and reliable measure-
ment resulls.
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1 ST %

1.1 ##
T T ) SE e 45

1.2 LI F

FRUEVE T 45 (3750 we/mL) J5£ (1000 we/mL) 5% (75.0 pg/mL) k(125 we/ml) , A4 (6.4 )8 K i 144
BRI 0 5 3500« R R Al RS R | 95 MRS B Ak 2% e A BIR 23 ] 5 BB 21K < h Milli-Q 4li7K R Ge 44k (Milli-
pore, FHFHZ 18.2 MQ-cm, JL[FE)17,

1.3 %=

Agilent 5110 VDV ICP-OES, Z 4R A BR/A ] ; Ultra CLAVE FE U0 T fif-F- 5, 2 KR /R 738 24
F) 3 ETHOS UP 353 0% 1 i 7 &, 58 KR 3 Z- il 28 &) 5 HT-300 HL A, | N A% FHN AL RS A BR A #]
ME303E/02 B+ K- MR~ A 2 A PR A A
14 HEERF

(1) B W AR . THE 10 min FJEEE 110 °C, 900 w; FHE 16 min 200 °C, 1 200 w; FHk 5 min 3|
220 °C,1 200 w3220 CLRHF 10 min, 1 200 w JE A 56 B IR , TH A F2 R 7 40.0 Bar.

(2) 3 el T R . TR 10 min B3P 130 °C, 1 800 wi 130 CA£4%F 5 min, 1 800 w; FHifi 10 min F]
150 °C, 1 800 w; F1i 10 min %] 180 °C, 1 800 w;220 CL#4F 15 min, 1 800 w; I it 58 It o

(3) PRk L P M T AR Y o THIEL 4 min 2R 120 °C;5 120 CH-HF 1 h; FHE 3 min 2 180 °C; 180 CH-FF 1
h; FFR 3 min 2] 220 °C;220 °C 2 I % 52, . .

1.5 ICP-OES T/E3#

FHBE KA IE AL IE 1ICP-OES {4 , (I K 5 25 IR B e R AR TAESEON SRR 1.20 kW, XU
ISR S, B 1.0 Limin, %58 TR 2 12.0 L/min, A0S 0.7 Limin, IR 5 28 Ayl i 452
ORI A s B iy, S S 10 7 s, R IRHE] 20 s, KGN A 4042 R T R AR AR & SR T & s A2 1m), I 2 5[] S
s, PHEERHE] 20 s
1.6 LWHE
1.6.1 Frife TAERTZ B

PRIl AR A O K 45 TC R PR B WO P B, I 5% HNO I RE 4%, Be il lidnE R4 . Horbgs
Bl % 3.75.7.50,15.0.37.5.60.0 .90.0 F1 150.0 pg/mL AFRHEZR 1 5 BREL 1 5 0.125 .0.25.0.50,1.25,2.00..3.00
H15.00 we/mL B bR vfE 2 51 5 B BE 1 A 1.00,2.00,4.00,10.0,16.0,24.0,40.0 we/mL 1 bR 1fE 2 51 5 55 B 61
0.075.0.15.0.30.0.75.1.20.1.80.3.00 pg/mL [1rifEFR 5 .

1.6.2 ST AL FE S IF

B T A K 2SR RIS, R 2 O A TRR 5D 24 0.2 g CREH £ 0.000 1 ) FA 98 b, T 5 mL
fiffR-7K (2: 1) J5 g , F Ultra CLAVE M0 I i R G B RETIT R St . TRHM e UG 588 2 ki
()25 mL A5 i, I F /A Al K PEVE 2 ~ 3 IR, BERIR A IT T X A2 S0, 8 25 50, e, () Bl A
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7 LA BRI R 22, AR AT 1.5 ho

A TR T T B R R RS BRI 2 O AT AR AR 0.2 g CREA £ 0.000 1 ) TR U ZHMEE, B s
ml AR S5 FEEE R T 125 CTUH MR 1 h, A AMINGEER 1 mL, Jinws , 50 G T i R 4, B R Y I
SR, PSSR B RS T 145 SR 2 1 ~ 2 mL, S HeA8 ey 25 mL &5, JF />
B LK PR 2 ~ 3 VI A I T X R A T, 25 AT A, AT Aatn) 25 11, DA BRiRI iR 22 T
fiff SR 3 W

MR RS R MR RS PRI 2 3 A TR 0.2 ¢ CRFRA £ 0.000 1 ¢) T 150 mLAEIEI T , B4R
FFRIN 10 mL MR- = AR (5 + V)5 inas , BUE 7, 28 H A i HGhR I #, 120 °C, 1 h; 180 °C, 1 h;215 CE
THARTE R . FREM SRR EG e BV 25 mL A=, 3D B Ak e 2 ~ 3R RIS I T
XIS R, 25 B S) RE I, TR ABGR R 2 11, AT BRI R 22 T A R R 12 he

R AR AT AR LR 1

F1 =MiERAHBEKIER
Table 1 Comparison of digestion time of three digestion methods
TR LRI 3 Bl T IAERIEN S
T /D L5 3 12

1.6.3 Jli5E
P ICP-OES AR RS I b MR ok 8 F v 25 PR B F S iRV B AR vk 4 1108
ZEA . BRI TR ARFR T E0CR 2% RIS IR PR s 15 s,
1.6.4 FfEab 3
FHICP-OES X a FUHF A A T 5 R 5
1.6.5 Seitordr
OIHT AT 4R SRR BRI A B v AN RS = A A B A 77k 3R ARG T

2 HREE

21 HWSERERAERHIR
TEIRIR 25 E T, M SE 4 FhOCER BOLRIE T FELROAS: H BR, AR il 26 A RH OC R BOERR T 0.999 5, etk R4«
25 HE R IE 20 U0, M E A TR BT IR R, DAk 2.

R2 AMEFTREHREEETE

Table 2  Detection limits and linear equations of four nutrient elements

JCE LM AHICREL K H B/ (mg/kg)
45 Y =5673.324 148 49 x X + 531.007 539 81 0.999 91 0.147
B Y =12 493.669 978 46 X X + 345.875 123 4 0.999 57 0.001
=4 Y =34 082.915 358 43 x X + 92.530 849 21 0.999 77 0.070
B Y =5456.947 23207 x X +50.191 012 59 0.999 88 0.287

22 RBRE

| AR - ICP-OES M 5E T £- AT A4S 2k VBE VB & i, 6 I B I %2 /) RSD ) < 5% , K 45 5 K U,
gEIR LR 3,

HSE R - ICP-OES A T 48 25 A4S Bk VBE BERY & &, 6 IREE S I 5E 1Y RSD 1) < 5% , K5 %5 1 [ -, 45 41
L4,
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Table 3  Precision of four nutrient elements in tea (super microwave digestion)

JLHR R (mglke) RSD/%
EERR/N 2k EERR/N AR HSIK EHIN
45 3170 3162 3 140 3189 3166 3172 0.50
78 109 111 105 107 105 110 2.38
B 48.3 50.0 49.1 48.8 47.9 48.4 1.52
B 1780 1765 1777 1792 1768 1779 0.54
R4 EM4MERTELSERTEER (TEREERB)
Table 4  Precision of four nutrient elements in tea (ordinary microwave digestion)
Fa A A : i/ (mg/kg) A : : RSDI%
1R 2w B3 H 4 5 B 6K
5 3002 3010 3020 3101 3014 3099 1.52
IS 99.8 101 103 98.9 99.6 108 3.34
B 46.3 483 49.5 47.6 46.8 48.9 2.57
B 1705 1722 1745 1737 1720 1711 0.88

M —ICP-OES M % T 2R X B85 L8k VB VEERY & i, 6 R EE & I 22 1Y RSD Y < 5%, K %% i B 4F , 45 11
WS,

x5 FMHAMERTEZREREERROREHERE)
Table 5 Precision of four nutrient elements in tea (wet digestion)

_ it/ (mg/kg)
LR pos pos yre pe — » RSD/%
1 #2k 3w AW NP 6w
5 3199 3180 3155 3124 3188 3169 0.85
8 108 105 104 108 107 112 2.61
B 48.8 49.7 48.5 49.9 479 48.0 1.73
3 1799 1756 1785 1765 1749 1780 1.07
2.3 HEHE

TERRFREUEE 1 0.2 g, P47 340, VI VE MRS AR, HoAx 2 0070 BN 20 mg/kg F1 100 mg/kg IR A FrifE
VR, PEAT Iy el 56, 465 2R 5 7R DU FR 5T 2 A0 bR IR R 92.2% ~ 99.6% , S 56 4% 5 1 fff JiE BRLARL
W6,

F6 FM4FEFRTEMIREIKIERL

Table 6 Recovery of four nutrient elements in tea

— AL A T W A Y T
e B (mgrkg)  MBRIEDECRE%  BARPEIE/ (mgkg)  IARBISCR/% B FME (mg/ke)  IIFR IR /%
5 3167 99.1 3041 922 3169 96.4
99.3 94.6 98.4
B 108 98.2 102 93.0 107 96.1
97.8 95.1 97.7
= 48.8 98.8 479 95.1 48.8 99.2
98.5 94.1 98.7
BE 1777 97.1 1723 96.6 1772 99.6

98.8 96.8 98.0
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AR SCR VBT T A0 35300 0t T v AU G T R &5 5 ICP-OES X DU 2R i Hh B 3R T
AT RE , FEXT AP AT S5 R AT T . TOFh TR MR RAF, K HBRTE 0.001 ~ 0.287 mg/kg, £F
B FE AR IE T BRSSP R AT 6 YOI 5E , RSD SR T 5%, IR IGTE 92.2% ~ 99.6% . —Fp 5 L iHG %
JEE I [ WA 3R A8 Ay i JL ST 060 2 o428 ) B SRS, A R A i AP ) B ol 0 T A A st ) /D —2f AR
FEATTENA) 1780 LA AIFR 28 B0 0 T AL & B 22 1 0 32 A= A AR i TR A 35 5 LAt
T T At 2 A Y A LRV BT B, 1A A PR At 3 ) 25 R T ook 32, B S A LAt P i fo
Dride , RORHRE S T 5256 % TAERCR % TAE T Rk m o i e 25 nt vp g 2 e 2 & BRIt i ik =% .
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