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Research Progress of trace elementsin Oolong tea and its detection
technology

YAN Wen-Bing, GUO Ya—Ling*, JANG Xin-Tian, TANG Rong-Jin

(College of Horticulture, Fujian Agriculture and Forestry University, Fuzhou 350002, China)

ABSTRACT: Oolong Tea not only has the function of health care, but also has the pharmacological function, which
is related with its biochemical compositions and the rich trace elements. In recent years, the relationship between
trace elements and human health has become one of the focused attentions of the people. This paper reviewed the
effects of trace elements for human health, the content of trace elementsin Oolong tea and tea soup, and its impact on
human health. It also compared 3 kinds of determination methods of trace elements in Oolong tea, including atomic
absorption spectrometry, inductively coupled plasma mass spectrometry and inductively coupled plasma atomic
emission spectrometry. It found that 3 methods had their own advantages and disadvantages. In selecting the
method for determining the content of trace elementsin Oolong tea, it is preferable to use a combination of various
methods to improve the measurement efficiency and the accuracy of the measurement. Based on the review of the
content of trace elementsin Oolong tea and the determination methods, this paper provides references for the study
of the content of trace elements in Oolong tea and the establishment of more suitable evaluation system of trace

elementsin tea.

EE&mE: 2016 (CXZX2016102)

Fund: Supported by Science and Technology Innovation of Fujian Agriculture and Forestry University in 2016 (CXZX2016102), Modern
Agricultural Industry Technology System Funded Projects, The Project Supported by Department of Human Resources and Social Security of
Fujian Province Supporting Project——Skill Master Studio of Tea-appraisal-technician GUO Ya-Ling

“BifEE: , , E-mail: yaling7819@ 126.com

*Corresponding author: GUO Ya-Ling, Professor, Fujian Agriculture and Forestry University, Fuzhou 350002, China. E-mail: yaling7819@ 126.com



, 1313
KEY WORDS: Oolong tea; health; trace element; atomic absorption spectroscopy; inductively coupled plasma mass
spectrometry; inductively coupled plasma atomic emission spectrometry

1 31 &
[8]’ ,

500 , ) )

[8]
14 . '
' (12
) [13]
(23] '
[4 (3 :
[14] [15]
, 0.01% ’
[16]
, 151
Fe ( ), '
2 1
[6]; ) '
ul G 14
1 [1711 ]
, (7
, [8] S = 4 = — A=
3 SEEXPRELEZRE
, : 31 BEFTFHRHPNERERE

2 WMERERSAFRRXR

8 82.8%

[7.9] [10]

[11]

(18] (inductively coupled

plasma mass spectrometry, ICP-MS) 29
( 21 ) 13 ,
( [19]
( ) :
[20] 5
; Zn Cu ,
2 [21]



1314

8
, 4 BRERMETREMEARBHRER
90%~95% (2] '
2 . ICP-AES ICP-MS (atomic
© Ca>Mg>Mn>Fe>Zn>Cu, absorption spectroscopy, AAS) (atomic
fluorescence spectroscopy, AFS) 2834
: ., 41 AAS3E
’ ’ AAS
[32]
’ 5
32 BRFRFFIPRELRABLE
132
[23] [33],
20 90 ,
[24] 1 [20]
, , 5 Ca Mg Fe
, , Cu Zn5 , ,5
(29 ,Ca Mg 3
(inductively coupled plasma atomic emission (29
spectrometry, |ICP-AES) 4 ,
, , Cu Pb Cr (34 AAS
) ) 6 ,
[26] [35]
, 10 g , , ,
' [27] ’ ’
14 ( 2 ) , AAS
20 min, ’ AAS ,
50%-~60% : AAS ,
) [32]
’ 42 |ICP-AES3%
ICP-AES ,
ICP-AES 20 60 38l

ICP-AES



1315

(37 ICP-AES
5 , 2
(s8] ICP-AES
[39]
M0 |CP-AES 3
30 min
ICP-AES
[36,38,41]
43 ICP-MS3%
ICP-MS 20 80
[42-48]
[49,50]
ICP-MS ,
(51-54] ,ICP-MS
[55]
ICP-MS 1561 ICP-MS
9
112 14 : ,
1 |1cp-MS
(s8] -ICP-AES
-ICP-MS | -AFS
, , ICP-MS ,
ICP-AES
, ICP-MS
Pilgrim  [%® ICP-MS
(isotope ratio mass spectrometry, IRMS)
( ) 103
, 20 (Ti, Cr,Ni,Co )

3 Moreda Pineiro 1% ICP-MS
Co, Cr,Cs, Cu, Ni, Pb,Rb, Ti V ,
(inductively coupled plasma

optical emission spectroscopy, |CP-OES) Al, Ba, Ca,
Fe, Mg, Mn, Sr Zn ,
(principal component analysis, PCA) (cluster

analysis, CA),
LDA)
class anaogy, SIMCA)

(linear discriminant analysis,
(soft independent modeling of

100%  94.4%;
100% Ana 60
ICP-AES  ICP-MS
10 15
[18]
.3
, ICP-MS ICP-AES ,
, ICP-AES  ICP-MS
, ICP-AES  ICP-MS
. ICP-AES , ICP-MS
, , ICP-AES
2 :
[40]
5 B 2
)
; (@ ,
; (3)
' ; (4)



1316

SECHE

(1

[2

[3l

4

[5]

[6]

(8]

[9

[10]

[11]

[12]

[13]

, ) . [J.

, 1996, 1(3): 28-29.
Fan ZY, Hong DC, Li N. A variety of life elements in tea [J]. J Jiangxi
Univ Tradit Chin Med, 1996, 1(3): 28-29.

, . . [J.

, 2014, 2(2): 201-207.

Lan XM, Liu ZB, Ni L. The research of health benefitsin Oolong tea[J]. J
Chin Inst Food Sci Tech, 2014, 2(2): 201-207.

) , .o [J.

, 2014, 6(12): 4115-4120.

Guo XN, Guo YL, Liao ZM, et al. Oolong tea antioxidant activity research
situation [J]. J Food Safe Qual, 2014, 6(12): 4115-4120.

, , . 21

[a. , 2004, (3): 26-27.

Shi XS, Peng XE, Zhou ZJ, et al. Oolong tea extract of 21 kinds of trace
elements content’s analysis [J]. Tea Fujian, 2004, (3): 26-27.

, . [J. , 2013, 16(3): 4-6.
Ge YL, Tang ZH. Trace elements and human health [J]. Beverage Ind,
2013, 16(3): 4-6.

[J. . 2014, 31(2): 78-80.

Niu YM, Yang TL. Some important biochemical function of trace metal
elements and its relationship with human health [J]. Stud J Trace Elem
Health, 2014, 31(2): 78-80.

, . [J.
61-63.
Zhong XQ, Zhong JH. Trace elements and human health [J]. Mod Prev
Med 2007, 34(1): 61-63.

) , . [M].

, 2011.

Lv XZ, Yu Z, Wang GY. Elements of biology [M]. Hefei: Press of

, 2007, 34(1):

University of Science and Technology of China, 2011.
[J. , 2013, 42(7):

1672-6375.
Dang XY. Introduction to trace elements and human heath [J]. Sci
Technol Inform Gansu, 2013, 42(7): 1672—6375.

. . [J.

, 2002, 9(8): 1-7.

Chen ZH, Yang DZ. Trace elements and the function of the elderly health
and hazards [J]. Guangdong Trace Elem Sci, 2002, 9(8): 1-7.

, , - [J.

, 1994, 2(3): 100-102.
Zhao DS, He BP, Wang Y, et al. Relationship between cerebral apoplexy
and trace elements [J. Chin J Prev Control Chron Dis, 1994, 2(3):
100-102.
[M].
, 1991

Kong XR. Necessary trace elements nutrition, physiological and clinical
implications [M]. Hefei: Anhui Science and Technology Publishing House,
1991.

, . 1. , 1993, 24(2): 105.

[14]

[15]

[16]

(17

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[29]

Chen L, Liu CZ. Zinc deficiency syndrome [J]. J New Med, 1993, 24(2):
105.
[J. , 2010, 27(4):
54-57.
Wang GY. Trace elements and health [J]. Stud J Trace Elem Health, 2010,
27(4): 54-57.
[J]. , 1989, (3): 1-4.

Zhang TX. Human selenium metabolism and disease [J]. J Trace Elem,
1989, (3): 1-4.

, . . [J. .
2000, 16(12): 89-92.
Zhang H, Zhao Y X, Yang LX, et al. Trace elements and human health [J].
J Occup Health, 2000, 16(12): 89-92

[J. . 2014, 24(13): 1948-1950.
Zhou N, Bal Y'Y, Wang WW, et al. The investigation and analysis of heavy
metal element content in different varieties of tea in Fujian province [J].
Chin JHealth Lab, 2014, 24(13): 1948-1950.
. , 2006, 25(1): 22—26.
Kang HN, Yang MF, Chen B, et al. Use of mineral elements measuring
data judging tea producing area and variety [J]. Rock Miner Anal, 2006,
25(1): 22-26.
[3. , 2012, 4(2): 104-106.
Zhou CH, Gao YZ, Qi ZX, et al. Trace elements in tea of principal
component analysis and cluster analysis [J]. JNanyakn Inst Technol, 2012,
4(2): 104-106.
, ) . 5
[J. , 2010, 16(2): 93-96.

Wang SX, Wang YJ, Zhang J. Using Atomic absorption spectrometry to
compare the content of trace elements in 5 kinds of trace elements [J].
Anal Test Technol Instrum, 2010, 16(2): 93-96.

[J. , 2002, 19(6): 719-720.
Chen NY, Lu WC, Chen RL, et al. Support vector machine (SVM) and
trace elements analysis method discriminant in oolong tea, black tea and
green tea[J]. Comput Appl Chem, 2002, 19(6): 719-720.
[J.
, 2013, 34(6): 41-43.
Zhong MH. The primary speciation analysis and the dissolution rate of
trace elements in phoenix tea [J]. J Hanshan Norm Univ, 2013, 34(6):
41-43.
) , .o [J.
, 2003, 10(5): 56-58.
Ding H, Xu MY, Zhou KY, et al. The research of the dissolution rate of
trace element in tea[J]. Guangdong Trace Elem Sci, 2003, 10(5): 56-58.
) ) . [J. .
1994, (4): 18-21.
Sun WJ, GuoYM, Zheng JK. The minera nutrition elements of Fujian
oolong tea[J]. TeaFujian, 1994, (4): 18-21
. ICP-AES [3.
, 2009, 32(8): 112-114.

’ ,



1317

[26]

[27

[28]

[29]

[30]

(31

[32]

[33]

(34

[39]

[36]

[37

Yao JT, Wu KJ, Yang WQ. ICP-AES method of determination of heavy
metalsin tea soup [J]. Environ Sci Technol, 2009, 32(8): 112-114.
[J. , 2006, 23(2): 160-162.
Huang W, Li GJ, Yuan DX. The beverage of pesticide residue and heavy
metal in tea and tea soup [J]. J Environ Sci Health, 2006, 23(2): 160-162.
s s .. X— 14
[J. , 2008, 25(3):
26-29.
Hu Y, Wu MH, Xie JJ, et al. Using X-fluorescence spectrometer to
quantitative analysis the various elements in 14kinds of tea and tea soup
[J]. Stud J Trace Elem Health, 2008, 25(3): 26-29.
[3. , 2005, 22(6): 67.
He ZY, Zhou XY, Chen XQ, et al. Trace elements of oolong tea and tea
polyphenols extraction [J]. Stud J Trace Elem Health, 2005, 22(6): 67.
[J1. (
), 2005, (6): 36-38.
Li J. The determination and research of several kinds of trace elements in
tea[J]. I Qinghai Junior Teach Coll (Educ Sci), 2005, (6): 36-38.
[J. .
2001, 18(1): 51-53.
Lv WY. The determination and research of several kinds of trace elements
intea[J). Stud J Trace Elem Hedlth, 2001, 18(1): 51-53.
, . X
[J. , 2000, 21(1): 51-54.
Xie MY, Wen HL. Using total reflection X-ray fluorescence method and
hydride generation atomic absorption to analysis trace elements in Oolong
teaof Fujian province [J]. Food Sci, 2000, 21(1): 51-54.
. . [J.
57-66.

, 2003, 11(4):

Li W, Du XY. Atomic absorption spectrometry and its application [J]. J
Salt Lake Res, 2003, 11(4): 57-.66.
GB/T 5009. 12-2003 [S].
GB/T 5009. 12-2003 The determination of lead in food [S].
. [J. .
2014, (3): 9-10.
Hu XW. Using atomic absorption spectrometry determination in testing
the mineral elementsin Wuyi rock tea[J]. Beijing Argic, 2014, (3): 9-10.
[J. , 2011, 36(3): 268-271.

Li HK, Ping H, Zhang MW, et al. Using flame atomic absorption
spectrometry in determining the content of trace elements in tea [J]. Food
Sci Technol, 2011, 36(3): 268-271.

, , . ICP-AES [J. ,
2012, (3): 139144,
Yang XG, Du X, Yao L. The research progress of ICP-AES technique
application [J]. Mod Sci Instrum, 2012, (3): 139-144.

, , , . ICP-AES 5 [J.

, 2010, 27(6): 2350-2353.

Chen FL, Chen JZ, Liu SL, et al. Using ICP-AES in determining five
kinds of trace elements in tea [J]. Chin J Spectr Lab, 2010, 27(6):
2350-2353.

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[49]

[46]

[47]

[48]

. ICP-AES ICP-MS AFS IC
[D]. : , 2013.
Tan HR. ICP-AES, ICP-MS, AFS, IC analysis technique in the us of
analysis and research of the trace elements in tea [D]. Guangzhou: Sun
Yat-sen University, 2013.
, ’ , .ICP-AES Cu
Zn Fe Mn Pb [J. , 2007, 10(11): 37-40.
Chen DY, Wu XM, Chen P, et al. Using the ICP-AES in determining the
content of Cu, Fe, Mn, Zn and Pb in tea and tea soup [J]. Beverage Ind,
2017, 10(11): 37-40.
. ICP-AES [3.
, 2007, 26(z1): 78-80.
Zhang CH. Using the ICP-AES in determining the content and the
dissolution characteristics of many kinds of trace elements[J]. Chin JAna
Lab, 2007, 26(z1): 78-80.
s s , . ICP-MS ICP-AES
[J. , 2015, 56(3): 145-150.
Wang J, Yin XY, MaLF, et al. The application of ICP-MS and ICP-AESin
analysis of mineral elements and origin traceability [J]. Acta Tea Sin, 2015,
56(3): 145-150
, , , . ICP-MS 37
[a. , 2007, 23(5): 1203-1210.
Liu H, Liu XM, Hu ZC, et al. Using ICP-MS in determining the accuracy
and the analysis of long-term stability of 37 elements in geological
samples [J]. Acta Petrol Sin, 2007, 23(5): 145-150.
[D].
, 2007.
Zhang H. Inductively coupled plasma mass spectrometry in the application
of electricd and electronic materials analysis research [D]. Beljing:
Capital Normal University, 2007.
. ICP-MS
[D]. : , 2010.
Liu ZJ. The study of solar cells with silicon material trace metal impurity
content with ICP-MS analysis method [D]. Xi'an: Xidian University,
2010.
, , #, . ICP-MS
[J. , 2008, 28(9): 2181-2186.
Li XY, Lian HZ, Chen YJ, et al. Icp-ms method for determination of trace
elements in rat serum and fruit and vegetable fermented liquid [J].
Spectrosc Spect Anal, 2008, 28(9): 2181-2186.
/
[D]. : , 2007.
Wu L. Determination of micro-or trace elements in biologica, Chinese
medicine herb and water samples by ICMP-MS/OES [D]. Chengdu:
Sichun University, 2007.
ICP-MS
[D]. : ,2013.
Cui XL. Research based on ICP-MS for depleted uranium dissolution
performance and determination of platinum in blood [D]. Beijing:
Academy Military Medical Science, 2013.
) s ) UHT 17
[J. , 2015, 17(3): 84-91.
Zhou XW, QU XY, Zheng N, et al. Contents of 17 trace elements and



1318

[49]

(50]

(51]

(52]

(53]

(54]

(55]

(56]

difference analysisin UHT milk of local and import brands [J]. J Agric Sci
Tech China, 2015, 17(3): 84-91.
) ) , .ReOs
[3. , 2010, 26(5): 1617-1624.
Jin XT, Li WJ, Wu HY, et al. Development of Re-Os isotopic dating

ICP-MS

analytical technique and determination knowhow on ICP-MS precise
dating for molydenite [J]. Acta Petrol Sin, 2010, 26(5): 1617—-1624.

, , , ICP-MS 1J.

, 2010, 22(11): 2199-2206.
Zheng LN, Wang M, Wang HJ, et al. Protein quantitative method based on
ICP-MS [J]. Process Chem, 2010, 22(11): 2199-2206.
Dri KE, Jarvis AL, Gray RSH. [M].
,1997.

Dri KE, Jarvis AL, Gray RSH. Hand book of inductively coupled plasma
mass spectrometry [M]. Beijing: Atomic Energy Press, 1997.
Simon K, Karl H, JH. Tracing the geographical origin of food: The
application of multi-element and multi-isotopeanalysis [J]. Trends Food
Sci Technol, 2005, (16): 555-567.
Gonzalvez A, Armenta S, Dela GM. Trace-element composition and
stable-isotope ratio for discrimination of foods with protected designation
of Origin [J]. TrendsAna Chem, 2009, 28(11): 1259-1311.
Heumann K G, Gallus S M, Radlinger G, et al. Precision and accuracy in
isotope ratio measurements by plasma source mass spectrometry [J]. J
Anal Atom Spectrom, 1998, (13): 1001-1008.

, , , . ICP-MS

[J. , 2013, 34(4): 247-256.

Zu WC, Wang Y, Li BN, et al. The application and development of
elemental speciation analysis in foods by ICP-MS related hyphenated
Technique [J]. J Chin Mass Spectr Soc, 2013, 34(4): 247-256.

) ) , 14

[J. , 2011, 23(3): 265-269.

(571

(58]

[59]

Y

Wang WW, Luo HD, Zhou N, et al. Fourteen kinds of elements in teas
from Fujian province [J]. Chin J Food Hyg, 2011, 23(3): 265-269.

[D]. : ,
2014.
Chen F. Study on rare earth elements of Wuyi rock teain Fujian province
[D]. Fuzhou: Fujian Agriculture and Forestry University, 2014.
Plgrim TS, Watling RJ. Application of trace element and stable isotope
signatures to determine the provenance of tea (Camellia sinenisis) samples
[J]. Food Chem, 2010, 118(4): 921-926.
Moreda-Pineiro A, Fisher A. The classification of tea according to region
of origin using pattern recognition techniques and trace metal data [J]. J
Food ComposAnal, 2003, 16(2): 195-211.
Ana M, Andrew F. Preliminary study using trace element concentrations
and a chemometrics approach to determine the geographical origin of tea
[J). JAnal At Spectrom, 1998, (13): 521-525.

(THER A £)

& &N

FE3OR, MEMRE, BERKXE
EZFREFHR.
E-mail: 878736854@qg.com

IR, BIR, BERKKELRHH
RIFBEIFTK, TEMRFEAZHNIS
RN AR

E-mail: yaling7819@126.com



