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Abstract

This study compares and analyzes inorganic components of four different Pu-erh tea species consumed in Korea. The
criteria for the inorganic components was based on the Royal Institute of Technology (KTH) recommendations. Out of the
19 general items: potassium, manganese, silicon and fluorine were detected in amounts exceeding the maximum allowable
concentration by 5~23, 57~91, 1.6~1.8 and 9~18 times respectively. Out of the 15 potentially harmful elements: aluminum
and nickel were exceeded the Maximum allowable concentration by 9~14 times and 0.8~1.2 times respectively. To reduce
the concentration of inorganic elements in excess of the maximum allowable concentration, the extraction time of tea should
be less than 1 minute in addition to limiting the amount. The amount of Pu-erh tea for extraction was about 0.1 g manganese,
about 0.3 g potassium, about 0.5 g fluoride and about 2 g silicon. Therefore, the maximum amount of tea for extraction
should be 0.1 g in regards to the safety of Pu-erh tea. Based on the recommended maximum daily intake of inorganic
ingredients by the Ministry of Food and Drug Safety, it is desirable that the number of extractions be less than three.
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1. M=o MA

AFHY Holaks S=ollA AzxE BApet SHOoE A
Z, Ao wEt LEste] FUiolA Aekrt 2 452
41735199 tH(Table 1).

7] Holztet vlwsty] 93t =2z W BEAHattd,

AZHE ARESHIAL, 2] 50 AR &2 =Wl Al S
gt

2. BM g5 3 il

ko] & W2 300 mL H|o]A o] &} 3 g& YWl 100T
g2 A s A4 150 mLE A7 g7 Hlo|Ao| B2 v
3Rt —ﬁ‘—%ﬁ‘}ﬁ‘:} F20] B¢ AlEE o Hlo]A &1
2 A71x] 4191 2.5— 0.45 pym GF/C filter(Whatman, USA)
£ o0& }oq P 8L AATT B2, o] o A =E

Z-&3to] F71EE, 3 Ol% 4, pH 5= 2433 771
AEL G ETRnAZFEA 7| (ICP-MS, Aglient 7900 USA)
£ o] 85la] BASIF o, BEAZXZOF Plasma flow= 20
L/min, Nebulizer flow+= 0.7 L/min, Detector mode+ Pulse
analog, Dwell time= 0.3 sec, Solution uptake rate:= 0.5 rps,
Replicate intergrations= 3, Number of scan sweeps+ 1000]
At

Lo 2A B2 x| 3 2utE 1 2kn AR A 7] (Dionex 1CS
5000, USA)ZE EA3sHon, EAZXAL2 ASISZY, flow
1.0 mL/min, eluent KOH 32 mM, suppressor 80 mA(ASRS
4mm), ZELE 35Co|qich

pH= =74 7]|(Mettler Toledo meter SG8)E R ATt T A
& 20 mLE F3to] pHE SA5IATH

Holate] vk FE(A™)2 HolAH T19] 3 g& 300 mL
Hlo]Ao] Wi BL S A4 100 mLE Ho] 5B 2&3 5
100 mL 3tE< E}E H|o]AZ Ho] §7]3 thA] 27} Eof

Table 1. Maker, division and made year of sample of
Pu-erh tea

Item Division Made year
Tl  Chajang Raw 2001
T2  Chajang Raw 2006
T3  Chajang Raw 2008
T4  Chajang Ripe 2014

t‘(l_

49 FRAEGYL A

QYL Hlo]Ao] B S 100 mLE Fo] 587 FE61:
Ao 2 103] ¥HESHIH B4 A=-2 JP/GX-2000, 2
2 Digital Thermometer(Summit SDT25)2 &7}t

3. SHAzE
E A1 AgZA3} k2 R-Studio(version 1.2. 1335)3
§oto] Pty BEZHAE F5FAL, 5%(p<0.05) 24
Oﬂ/ﬂ HH7HS one-way analysis of variance(ANOVA)Z H]
otk 7F 7] A 7ho] Wzro] AlhA] Hlmis Bo
vot7] o] ThElEE AASH Rt

2o & nF

= O-mdexo]tﬁ O-mdex7]— 2.0 oJAto|H 9t
B 7}stth(Hashimoto 5 1987).

L Carkisio,
O-index = Mg+SO.
ZUYo A Ca, K, SIO, 5 34889 38 ExE 83}
o] B0 YriRBEE AAS A7t Qlow, ALA|Q) A

AN dF ARAOAE A, d, Yt 5 45 &
BHAE A& Stk(Lee 5 2011).

0|9} 22 YR FU|EH0 et dHAl AH}= T
299 FF7 WA= #7188 A7 FAE #
Sh/gdof| dhsh SRl ARt A= E A|AISHAL Gl Table 2
0] 2 AH.o] 7]Z0]1l, Table 32 micro
elements©] ot A& 7]ZFo]t}. Macro2} micro elements=
Aoigket Aagkos 71Eg AAskL ek

Table 4= Z7}o] S8)at QGaFe ]2 2= 9 A

T A L= ‘—I'I'I"

i)
1o
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Table 2. Suggested desirable ranges for some macro
elements and ion in drinking water from health point of
view (Rosborg & Kozisek 2015)

Item Con. (mg/L)
pH 7~8
Calcium (Ca) 20~80
Magnesium (Mg) 10~50
Sodium (Na) 20~100
Potassium (K) 5~10
Bicarbonate (HCO;) 100~300
Sulfate (SO.) 50~250
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Table 3. Suggested desirable ranges for some micro
elements in drinking water from health point of view
(Rosborg & Kozisek 2015)
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Table 5. Amount needed inorganic component per a day
(Ministry of Food and Drug Safety 2016)

Inorganic Amount Inorganic Amount
Item Con. (mg/L) K 3,500 mg Mn 3.0 mg
Zine (Zn) 0.02~0.2 Na 2,000 mg Cu 0.8 mg
Cupper (Cu) 0.02~0.2 Ca 700 mg I 150 pg
Iron (Fe) 0.02~0.2 p 700 mg Se 55 ug
Manganese (Mn) 0.02~0.05 Mg 315 mg Cr 30 ng
Boron (B) 0.1~1 Fe 12 mg Mo 25 g
Chromium (Cr) 0.01~0.05 % 8.5 mg
Lithium (Li) 0.05~0.2 2 HOIRIS] SI|ME T
Molybdenum (Mo) 0.005~0.02 A o] AFESE A0} AT HolRpo] By AES B
Selenium (Se) 0.005~0.05

Silicon (Si) 2~10
Chloride (CI) 20~100
Fluoride (F) 0.8~1.2

Table 4. Suggested safe upper limits for some potentially
toxic and ions in drinking water from health point of view
(Rosborg & Kozisek 2015)

Item Con.(mg/L)
Nitrate (NO;) <50
Aluminium (Al) <0.2
Antimony (Sb) <0.005
Arsenic (As) <0.01
Barium (Ba) <0.7
Beryllium (Be) <0.005
Cadmium (Cd) <0.003
Lead (Pb) <0.01
Mercury (Hg) <0.001
Nickel (Ni) <0.05
Silver (Ag) <0.01
Strontium (Sr) 0.02~0.2
Tin (Sn) <0.1
Titanium (Ti) Not set
Uranium (U) <0.015

w9 & Hdig= Al ]3]-_71 At

3hd, el AEoFEGFHANNE 1Y FFA
7|3 ]% AAStL =], ] Zo|A Br|AE 19 A
A HTFL Table 59 Aot AAE 19 FA HHFS 7|1&0
2 A °L°5]°1 UE FIIHEFS 2ARE &, Holx}9
g & += 55 AEsHth

o A

Hg AT 24, i, YEES, F401L 5L Table 2
o) A% 7120 27 F vAL ke YeRATkTable 6)
A1 A Holx} 4& n%: AFL Ho 712 10
mg/L;—:_— IA zIsH] T1L 17.74)], T2= 19.24), T3=
15.44], T4 22.58) 23} AZEch Holx} F&0] AR
H A4 ZF 5271 23 mgLYS AotelH ZEH g5
2 HolRoA FEH AdS & = Utk olet E2 Ho]
19| Ik ZF 52 Holah 4R EQ] 7]1=
Aoz AtgHh

Micro element 127§ ¥5& FojA i HF 7|&
olslz AZo] Qo Wt AgE BAl V&S
A z3sdct. £35] B H &4 0.05 mgLE Tl
59.08}, T2+= 87.08}, T3&= 57.44], T4= 91.4v) =3} A=

R, 40l o 5184 1.2 mg/LEH AA|H o=
S.1-15207H0) 712e 2TeeT. Ba el 3
5183 10 mgLuth AAH o= of 17 zHsigot,
2= =27} 13.3 mg/Lo]I Ho|xo] B 7|0 Zho] 2.4
mg/L~4.7 mg/LE =LA kol 71& %3} Yolo] AJ4of Ytk
= AZ & 5 Slti(Table 7).

Mo [ 2>

Table 6. Some macro element and ion in the sample tea

(unit: mg/L)
Item Wi Tl T2 T3 T4
Na 6.0"720.1 61202 75803 84402  82+02
Ca 3.5+0.1 23403 26£4 25802 3.8+02
Mg 2.8+0.1 97404 126406 11407 16.120.4
K 25402 176.748.6 192.0+20.3 154.0+9.8 224.7+9.0
(SO) 1501  189+1.1 38044 257432 12,5405

D" All values are meantS.D. (n=3).
2 Means within the same row are significantly different from each
other at p<0.05 by R studio.
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Table 7. Some microelement and ion in the sample tea

49 AFAE P

Table 8. Some potentially toxic and ions in the sample

(unit: mg/L) tea (unit: mg/L)
Ttem w1 T T2 T3 T4 Item Wl Tl ™ T3 T4
F  011"7£0.02 10.30+0.38 21.75+1.66 18.19+0.45 12.91+1.04 NO; 0517401 06+0.1 06£02 0602  1.00.1
Cl 63+ 06 23331  224+10  19.0£09  18.0+2.0 Al ND?  28:04 44104  3.0:03 18406
3)
B ND 02:0.1  0.1x00 — 0.1x0.0  0.3+0.1 Ba  ND 002001 002001 0.01:0.01 0.04+0.02
Li ND ND ND ND ND
Sr 0.03+£0.01 0.03+£0.02 0.01+£0.01 0.01+0.01 0.08+0.02
Si 13315 17.0:41.0  157:0.6 16315  18.0+1.0 ‘
Mo ND  0.002£0.001 0.001£0.000 0.003+0.001 0.008+0.001 Ni ND_ 0.06:0.01 0.05+003 0.04£002 0.05+0.01
Cr ND ND ND ND ND D All values are meantS.D. (n=3).
7n 0.0120.00 0.1120.01 0212001  0.17+0.03  0.1320.02 ? Means within the same row are significantly different from each
Mn  ND  295:0.18 435:046 2.87:0.10 4.57:0.07 other at p<0.05 by R studio.
9 ND: not detected.
Cu ND 0.02£0.01  0.07+0.01  0.06+0.01  0.02:+0.01
Fe ND 0.13£0.02  0.06+0.01  0.06+0.01  0.12+0.03 235 v, AL A Fo g 0884 12812 7|2
> ©® ©» ©» » ¥ OFt 2MdHe SO UehgehFig 2).

D All values are mean+S.D. (n=3).

? Means within the same row are significantly different from each other
at p<0.05 by R studio.

? ND: not detected.
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H1 oo ol

Micro element 127438 FollA Gt E4, 4 3
§ F71/880] At HolxollA BUstA 5|87
Jsto] HEEHI, AEE 5% 9A 7MY TR
T7He oF 578j~018), F7t HEQl BAE 9u~18
, 7}10 A FEQ AEE2 1.68~1.88(Fig. 1) 322
g Ho|1 gt} ojet T2 AT AP A
A& Ho|Z} 4F0] A9 T EFA AulE Qo=
A2EASS onigict. 3 Hol&} 9] H& Aol A}
9] ALt AR o]zt A1l Ao R AtmET
A Qg2 157] F5 FolA dad da, 4F
UE, HHE, 2EZR, U 5 57H FEol AEHUL, 5%
oA gFred YHo] HY J87EE Aottt
(Table 8). 53] YFrw2 H5]84] 02 mg/LE T1 14
v, T2 229), T3 15H), T4 ov) 502 7|23HS A

N

o ok

ot
;ﬁ

> oox o HN
(0] mIo
rﬂ l‘N

=Mn = F mSi
87 91.4
100 59 = 57.4 =
= = =381 =P =
£ =86 = = =038
g 10 = = =
= = = =
= = = =
=217 =86 6 =18
1 = = =
teal tea2 tea3 tead

Fig. 1. Excess amount about Mn, F and Si in the sample
tea.

o] FollA 53] ZAI7t He 52 Fd s871ES 2
A gufoll A 2282 A ZIRE FFu]Folct °*Eul
JAA Woll 22 7Fs/do] o, d=ston A, Xl“ﬂ
71999 Aofl, A4 dg 59| HQlo] Hi= ¥ Het ofd
EO]E(EA‘] lﬂ-lgl-i?ﬂ) HEL ZTIN7= Aoz dEA T
ltt(Jung & Han 2011; Kim 5 2013). weha] &2 0]E9]
SRS UR7] AL Holxe] 2E A7t 5 & 7
43| golsfof s,

el A A4S fUBHE Bolu], AL

w29] Z&w} A7k whet FebAhCho & Jung 2019).
%, 2247000 aet AR} 79
A=, A9 AT} Fig. 33+ o] Luk Bxjof u]8) Ho|x}
AR} ZITHe A AT S et EFF HolX} Fo]
A= 44o] Bo| AWLSE pH7t Wolxls A Belg
% Sl9ithFig. 3).
QA|9] MA pH W= 735004 7458 Wl Ec} Ad)
Q9] &5 F49) AT APABIN Bol K=

Z Al B Ni

teal tea? tea3 tead

Fig. 2. Excess amount about Al and Ni in the sample tea.
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Fig. 3. Variance in pH according to extraction time with
green tea and Pu-erh tea.

B R, AT, -F 5 B2 AEE0] A AlE
22 AV AES A% ’S%@f 3%, &9 pH w#3°] 7o
2 4= Qloh &9 pH #% ]
ofel A RS “ﬂ%oﬂ - SE9sfjoF ghr}(Caroline
2017).
wahA] Q1IA19] 22804 pHE vﬁé
o, Q1A|9] A Y} ARt 7.4 FEO] oF L7
A7) flefiA= Bolake] &% AlXE 55 SH0] At

oF & #art St

o&
)
2,
A,

4. FEZ AlZE I 3=

Holl= dRbA oz Agsto] vpiltt. &, 25 SI(H
el w2t 771880 FE2FE gEA7] wiol Ao
SA A FE S5 QA SR HEH oo ettt
£3] B4 AEo] 7|EAE 23 B I fA8e
tote] 7hsdt w28 E°le A2 28, 3hF AT eE 2
T A F et whebA] AFojofE PO AR 1
d WHF 7IELR HolA A & JFE BT
ATV Hol#} TIg S& HH L2 103] &332 1
F2H G Aol AR 959 TR 1Y
< B]ILSIATH(Table 9). A|H A, A|AE #7132 852

O

Wggol A 5 A ZA7E HA] G2 AR SE
ek SHAT W72 B 71EAE z‘aﬂra}ea% ot ofy
=, 1% PHEFS 143% 2T}510] o)& Sosfof & Aog

= 35], Tt 431, T4 38 230 Edkee Aos U
EhsdeiFie. 4). ebd W2 19 AYRE 1E0R D
%2 355 358 204 Pt Aol HFAY oz
Az,
o) 385 %

2 2

6Z(K, Mn, Si, F, Al, Ni)9] o

s Holake] §14 54 7t 405

Table 9. Daily recommended and measured amount of
inorganic components with T1

Item Recommended (a) Measured (b) b/a (%)
K 3,500 mg 342 mg 10
Na 2,000 mg 16 mg 1
Ca 700 mg 45 mg 1
Mg 315 mg 22.1 mg 7
Fe 12 mg 0.2 mg 2
Zn 8.5 mg 0.3 mg 4
Mn 3 mg 4.5 mg 143
Cu 0.8 mg 0.1 mg 13
Mo 25 mg 23 ug 9

==T1 T2 ===T3 T4

mg

0.0

Times of extraction

Fig. 4. Accumulation amount of manganese according to
extracting times.

o SES W] Y8) 2EA7L 3R] 1HoR TG
A%, Table 103} Zo] AL o318 & ofsi7t 59
o, U] 5EL 3% 2] 8] oF 122 27} vob
AAE o3| Hrjsl 8BS 2usloch. teby 254
7hEgk ohet, 3jo] 2E%S Folk EAS Amsfopt
ht.

RO FBALE R4l 83 5 B 58 Ak

W 130] Aolct. et Hhsl g BEE 2 55
o

ol

_c,r_y]/xé_b,i_a A5 &% o|5l7}t FJF-_i steid A% &
Z7S AFEF)oF 3ttt Table 109] BEHS 3EF 3 g, 3
ZA7F 1891 ALolug 585k o]5lE vrE7] Y5
279 Table 117} Zo] A¥sgich

58

g 7P 3A 249 g7 B9, JF F
EF2 0.1 g°l‘11 A g dRuES 7MY 5
7F =3 129 B9 02 g0 2 7Y A1, T49] AR
0.9 gZ7tA] 7hsst Ao=Z Yepytt.
kA 559 RI71GE FolA HwF <l
2 gF0EI B4 I81 557 2 W 5 18
o 7} QPES Holxp &% 0.1 g8l A0 =R AlmHrt.
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Table 10. Concentration of K, Mn, F, Si, Al, Ni when

the extraction time was 1 min (unit: mg/L)
Item” K Mn F Si Al Ni
Sug.Max 10 0.05 1.2 10 0.2 0.05

TI 8627454 13120.09 54402 1520.6 1.320.04 0.02+0.00
™ 12449.8 2.20+0.13 13.740.5 15+0.5 2.5+0.07 0.03+0.00
T3 82+7.1 14240.10 9.9+04 16+0.8 1.5+0.05 0.03+0.00

T4 128+8.5 2.1240.14 4.5+03 17+0.5 0.7+0.01 0.02+0.00

Y 6 item was exceeded by maximum allowable concentration.

2 All values are meantS.D. (n=3).

® Means within the same row are significantly different from each other at
p<0.05 by R studio.

Table 11. Extraction amount of tea to make below the

suggested maximum concentration (unit: g)
Item K Mn F Si Al
Tl 0.3 0.1 0.7 2.1 0.5
T2 0.2 0.1 0.3 2.0 0.2
T3 0.4 0.1 04 1.9 0.4
T4 0.2 0.1 0.8 1.8 0.9

% 3 g3t wlmAA w2
AT HO\RE 27171 FAA Bl
2EFS 0.1 g 33 ATL o 1R, 322 4 35E o
A 9 Aol vige Aow Amur.

SUolA ABEI QU= HIEZARD Hol} 40 Hfs =
9 F7AZES ALY 7]&Y(KTH Royal Institute of
Technology)®] % 71202 vm L4319t 24 A,
Uit BIHRE 3 19% FoIH 2E, UL, AT, BA
5 4%°] A& E=E A5t HEHAY. EE2
158]~238], - STHI~O 18], 4= oF 1.681~1.88), E4
+ ovi~188] 23} FEHUH FAH FoEdES 155 F

|

>4

oA 25 LFulE 9ul~144l, YA 0.84[~1.28) 23} A
=iy

o8 srE 2T FVHRY] 5EE EF7] ¢
At Hojzxk & A|7R2 oF 18o0] uigZ|sict. 3]
sk F71ERY 555 ¥R g B AEE Hol
FEFo7 WS oF 0.1 g, ZFS 03 g, BA, ¢F0|

2 905 g A&
7 AL Il "

2]
oA BaLstal = %71*3—5— 14 ZJW’S%"J%“*% 7]%32

e & 3 op

34 AFAE P

7ot 23, HolAke] A2 33] oJstz sh= Zlo] HigA|
ek 271ARS] A 8=t 1Y Hg A

dr g O of
\1—@

AQket Holxke] A FE5F2 0.1 g, A 1
, A" Sl 33]o|ot
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