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Abstract

To evaluate a contribution of tea to manganese intake of Japanese, manganese contents in several types of tea
leaves and tea infusions were determined and chemical species of this element in the tea infusions were examined.
Thirty-five samples of green tea, 15 samples of black tea and 13 samples of oolong tea were collected. Their man-
ganese contents were ranged in 200 to 1000 4 g/g and were similar values to those listed in Standard Tables of
Food Composition in Japan. Infusions prepared from these tea samples also showed similar manganese concentra-
tions (2 to 5 u g/ml) to those listed in the Tables. However, manganese concentrations in tea infusions and commer-
cial tea drinks consumed by healthy 108 university students were 0.5 to 2 4 g/ml and were significantly less than
those of tea infusions prepared in the laboratory or those listed in the Tables. Based on the present analytical
results, manganese intake from tea is estimated to be less than half of total dietary manganese intake in Japanese.
Most of manganese in the tea infusions prepared in the laboratory was filterable to an ultrafilter with molecular
mass cut-off of 5kDa. In analysis of high-performance liquid chromatography using a column of molecular exclusive

resin, manganese in the tea infusion was eluted at the same retention time of bivalent manganese ion.
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BHDIERIRG, BIONRED,S, EMAlHERRIEIAL, LXBRY, 7o FIBRABEMELL
7=, 20034E5 B IS TR BV THAN S N RN TOFEELF ¥ OB E GDFRHFA RS X 0 87 KNLoF
Y DOFEITHFEEL, IVTHBILL

—%, REGERBICAEET B RERKFE 1084 (BH69%, MHE39%) ICREMAMEEA L, 2002F06H £72137H
DEFEOMEH L7723 HEICEN L 28 0BEE TN TRAS S, AL TORIRKH (R, #2%k, v—m 23k,
BIUOEHEON—T%) OB T, KRETEHLTWA LD, FABICER LS50 mloR) BEHICAN, WRELTH
BEE, FEHKALTOETROEEIERY PR MVADY OXRKEE, FSEHOIOZHEALL,

2. YUAVRERIERRHAEORS

I L 7= 253 flsh 2 IV T20 A v ¥ 2 DU ICHIIRIE L 7zo MIAME L7532 g% 100 ml ¥ —H —iZ AR, +53I2ih
&R BA 4 KO mlEIMA, 25HICHBL, BHBEZHE
3. BEBEADT T O

IV THAITHRAL L 7ok 2638 & KL 3E 300 mg % 50 ml D IERRERE ICAN, 4 OWE B30 ml 2R 105 FHiRE L
7o WRMERE, EOL, BB EHE.

4. FKBHEEDOY > H L OILETEOKRE

KL, &2, BLXUERMITEEDOHEI0 mglZhif F vk T BB S EHA 4 YKkE230 mlzmz, +9I23k
Wik, 0 LM %1572, FHIE % 285000 0 MRS 5 8 (Ultrafree®-MC, Millipore, Bedford) (2L, »i
BHEL, MR E Aoy A VBERIEL, RO BFEZRE L.

KK L RAR O BRI, BIORNMIOF ¥ 0EOKMBBEOZNZNI00 ul 2 BEBAK IO T 574 —
(HPLC) TH#t L72o HPLCOGMBIIUTOEBY Thb, 515 4, TSK-Gel G2000Wxr, 4.6 mme X 250 mm (Tosoh,
W) BEAE, MY R - EESHE R (50 mM, pH74) ; W#, 10 ml/min ; M, SEHERT GREKERE 280 nm) &
FEREE T I A BRI (B ICPM-8500, £=% —HEH55).

5. THUREOIE

ML L7223 100 mg 30 mlDF V¥ —V7 5 A TIZAN, BHEES mlEZMZ TN L. TXTOREIER
Loz L, Bidd v KERWTS0 mic A A7y FL, ALz, ABLAREAR, KOBRB®E, KEN,D
O, BIUHHBBEOBRNSBHE 7L — 2 RNETRIEEIESL, < v MV BEZNE L,

BREEE
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Table 112, I L%, f2, -0 ROXELRHBOS Y TV REL LD, RELAROERER
W EEIRBBE12200~1000 ug/ gDHEHETH D, FHEIZVTRIHE500ug/gTholzo T DOFHEIIRMET
FICEME N HE (RIFES550 ug/g, KLHK210 ug/g) WKIFE—HKTHLDTH A, ThiZH LT, V-0 FOXKE
MY Y VIBEOFHEIIM 1100 ug/gThH Y, MIELAFICHBELTRRE o2, 40, BFEEAIFICEL T,
KER N VIEEEEBOBBEIMETIE o225, WELALY - v ESTRXTHEETH o072 b, KE
DT VBREFEMICL > TEBH LTV LWERIIENEEZIONS,

—%, BHEO< Y # ViEEOFYMEIL, HE27ug/ml, 233 ug/ml, 7—0 Y EP44ug/mlTHY,
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S TETOEIBDONZbOD, FHWIZAIE, BERESIREREBYOBBEOS VA UVPEFESRTEY, K
FRIGEWSNAHECE L CTRRLZABHEIIO RS RLROBEIEVBEDO VM U BEFEND Z L IHRT
EAN

Table 1 Manganese content in tea leaves and tea infusion

Manganese content

T Extraction
ype of tea Dry leaves Infusion (%)
(ug/g) (ug/ml)
Green tea (n=31) 523 + 173% 270 = 079°% 245 + 812
Black tea (n=15) 475 = 1812 325 = 087°% 332 + 93P
Oolong tea (n=13) 1102 = 440" 448 = 133D 198 = 692

Values are means = SD.
b Means in the same column not sharing a common superscript differ significantly (p<0.05).

2. RAZhTVAREHBEETRRRRBDOYH 2 RE

Table 212, 108ZDKRFENEIICERL TR REROC v 7V BEL2 L0, FREEHE, RETHEL
CHBSNRIBETROEGEE LUy MR MVADKBHICHT, EhEnEig, %, v—ar¥, BIU0Fy
DA DY ORBEIBEAL TWBN—THRICHE L 72e FRIE, K, v—0rEXOBBHEB L OHEREHO~ >
YREFWTN L BBLR05~25 ug/ mOMMIZH Y, RIMRHSELROL D, &% idTable 1R LA HHEE )
SHOLPIEETH o720 Table LIZBWTHWAFE, ToabbiRLMbL, 20MBHT 2 LW HETIE, —
BMICEKALTWDHDL D IEEFOT U AU PRIHBER TR EEZOND, LD oT, BREESRIIBNT
FRBBDOT T VREE LCRBEN TV B HEI, BARTROFEICHE D CTERMICAR S RBBICERT
EHH0THY, ~HMICHEKASN TV LR ERBESCTRERE OV 7 VBEICEATA2CRPLERE L LV 5,
F v DA OHMOBRBBEARA L TWBN—=T RO VTV REE, Fr LBOMEPOBKDIZSD X % ML THi4
Bl o720 bo b bEL DL FPKALTWAERE, Fry2F o2 HHLTVWEWN—TETHL720, <~
HVBEREDDTEY, 72,

DEDZehs, = A VBRICRIZTREOKAOFSE, YWFHLAINLIAESL, 1BIRIKALLE
LTHBENBERAT2mgRETH Y, FERE (BRR) O50%1ExhvweBbhs,

Table 2 Manganese content in tea infusion and commercial tea drink consumed by
university students

Manganese content (u g/ml)

Type of tea
Tea infusion Commercial tea drink
Green tea 152 + 098 (n=33)0bc 226 = 073 (n=17)4*
Black tea 144 = 098 (n=12)°be 116 = 069 (n=9)be
Oolong tea 198 = 054 (n=17)¢ 174 = 053 (n=7)¢d
Herbal tea
Mugi-cha (roasted barley tea) 012 + 015 (n=42)2 014 £ 023 (n=4)2
Other type of herbal tea 090 *= 076 (n=5)2b 089 *= 084 (n=15)2b

Values are means += SD.

abed Means in the same column not sharing the same superscript differ significantly (p<0.05).
*Significant difference was observed between “tea infusion” and “commercial tea drink” at
p<0.01.
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3. XE, BLURHEPOY I OEERRE

Table 312, XEPT 7V O 4 OBERANOHMEEL L7z, KRPBKICLZEE,LSOT Y F Y OHHIEIII0
~30%Tdhotze —F, 01 NUFLOBEOETIE, 0%ULOBNHHEIRDO LN, FLOERA ¥ k%
BT HEDTA L 7 T VB CIX80% U L OB R E 2 o 7245, Bk EHEOERA 4 ¥ LEKEBETHLAF
Ty REDT I BERANOMEERIZI0~40%TH Y, KLBKEIZLALELS b ol T, ANFHVURER
BEAOHIEIE, ZLAEEUThoT, AFLBRFERZLE TS, BKRERIERIIBNT, BREOT T VM
HEAHIEDENE LB BMEIICDH o 720 BEHRTHHEARXTIE, MTOBRICBNT, ¥ V7 Y HPEREEEICHE S
MIZ S WBEEICEL LTV AW EMSEL ML, WTFRIZLTH, RELHEEEINLI VAT ONT0%1E, KL
KL TARBEBETH Y, BEICHEHSNZBRBICEBITLAVWEREHNTE 2,

EEOKE ZIEBAMBREROS Y H Y 25 TFES0000ABBICE L2 &0 AHBEE Table 412F D7z, K, #
K, WFROBED, RIMTEELFRICHBELT, HKEy—0rErSOMBEHR~< v # Y 0 5 BRI LENME
Lirot. BEBRCRBRELEL Y- VY ELARIOE, RV 72/ - VORLESRIFEL TV, €2T,
RELRMEOBKIBRICHELT, 8F3h5 72/ —VLEWOBRN»BELNELZE TS, FKEHT790+07%,
MZEAT21212% (WTFhdbn=4) THY, ENPO LN, BEEE L ERBEEMBROS ¥ 7Y O 5BBPEN
572D, WMBERT—HO Y H Y RLBENLLVESTFORBLEARICREL TWL L2 ERT L2000 LN
e\,

Table 3 Extraction of manganese with several solvents from tea leaves

Extraction (%)

Solvents

Green tea Black tea

Water (25C) 259 = 12 161 = (7%
Hot water (90C) 257 £ 06 322 = 11
Tris-HCI buffer (pH 7.4), 50 mM 337 = 17 Z A Y
HNO; 0.1 N 1011 = 14 975 == 24
HNOs;, 001 N 776 * 30 66.1 = 267
HNOs, 0001 N 3b8 = 11 244 = Q7%
HCL 01N 995 * 24 974 =+ 30
Citrate, 0.1 M 952 = 26 845 = 33
EDTA, 5 mM 925 = 37 802 = 08*
Methionine, 20 mM 284 = 12 183 = 05**
Histidine, 20 mM 200 = 11 103 = Q5%
Cysteine, 20 mM 570 = 07 516 + L7**
n-Hexane 02 = 02 < 01
Methanol/chloroform/water (2/2/1) 15 = 03 18 =+ 03

Values are means = SD for 4 trials.
Significant difference was observed between green and black tea at p<0.05 ( * ), p<0.01
(**) or p<0.001 (***),

Table 4 Percentage of ultrafilterable manganese (< 5kDa) in
extracts from tea leaves

Ultrafilterable manganese (%)

Type of tea

Water extract Hot water extract
Fresh leaves 959 = 07°¢ 902 = 16P
Green tea 862 + 09P 964 + 19be
Black tea 746 * 992 842 = 562
Oolong tea 837 = 042 810 = 46°

Values are means = SD for 4 trials.
abc Values in the same column not sharing a common superscript
differ significantly (p<0.05).
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Fig. 11, M &AEOBKMBIE, RMIOF ¥ OEOKIMME, BIVEED< V7 ¥ (D) % HPLC THE
LIERERTOIOTH S, WO~ 7 OB BRI, 280 nmOBEETRENE 7 =/ —MbEWLidE-
KBy, BEO<T YAy (IDICFEF—HLTWwi, 72, FrEARICRBRBEDT YTV E2EEFT LY NFOH
HEOKMBEZ SN LIEED, vV VOBRMBIF L Tholzs INHDZ &I, FOKE ZIZBKMBRIC
EEEINLT YA VR EHOERO< VA Y (D) THEILE2EBRLTWD, AFMEBICBVTLIRERLERNTO
F Y OEOHMHBEE R LB Y — B EONAZ 26, HEMNLEASBIZBWTHE S N BBERT L~ v
7Y OB, HPLCIZBWTHWZ 75 AHOMIEE 0BMEL ) bhS b0 LEZ LR, EHENZERIZIZL
AERWEEE SN S,

FiErp~ v Y OEEREORFO/RELY, RBRERP O v F Y E2RNT L LG EEo~ Y F Y (1D %
BHTAZLELIBERLE®RZLDEEZOND, WZIZ, REBEH~ VIV ORBEHEIZERO <V H Y (1D
LR LHMTADOPRYTHA ).
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Fig. 1 Elution patterns of hot water extracts from green and black tea, water extract from fresh tea
leaves and standard bivalent manganese (II) solution in HPLC using TSK Gel G2000Wx1
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