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Correlation Analysis between Mineral Elements Content and Quality
Ingredients of Flat Green Tea

GUI Anhui, YE Fei, WANG Shengpeng, GAO Shiwei’, ZHENG Pengcheng’, LIU Panpan, WANG Xueping,
TENG Jing, ZHENG Lin, FENG Lin

(Institute of Fruit and Tea, Hubei Academy of Agricultural Sciences, Hubei Tea Engineering and Technology Research
Centre, Wuhan 430064, China)

Abstract: In order to explore the correlation between mineral elements content and quality ingredients of flat green tea, ten
representative flat green tea samples from five production areas (Dawu County, Hubei Province, Pan'an County, Zhejiang
Province, She County, Anhui Province, Meitan County, Guizhou Province and Emeishan City, Sichuan Province) were
collected. The content of nine mineral elements (Mg, K, Ca, P, Al, Mn, Fe, Zn, B) and five quality ingredients (water
extracts, tea polyphenols, free amino acids, total soluble sugars, caffeine) were determined. Results showed that the mineral
elements influenced each other and existed with synergistic or antagonistic effects. The water extracts content was
significantly negatively correlated with the B content (P<0.05), the tea polyphenol content was extremely negatively
correlated with Fe content (P<0.01), the total soluble sugar content was significantly positive to the B content (P<0.05), but

negatively correlated with Mg and Ca content (P<0.05), Fe and Mn had a negative effect on caffeine content. The principal
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component analysised exhibited that the first three principal components explained 89.00% of the cumulative variance

contribution, Mg, Ca, Zn, Al and P were considered as characteristic elements of flat green tea, water extracts content and

free amino acids content were considered as important physicochemical indicators to evaluate the quality of flat green tea.

Cluster analysis showed that samples from the same producing area were grouped together, and samples from different

producing areas were clearly separated, indicated that the quality of flat green tea showed distinct regional distribution

characteristics.

Key words: flat green tea; mineral elements; quality ingredient; principal component analysis; cluster analysis
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Basic information of flat green tea samples

T
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HL ¥ E Millipore 23 75 Avio200 HIL B GFE & 5555 1
IREGHCIHEI S€[FE PerkinElmer 23] .

1.2 SEWHE

1.2.1 GRS ENE RS ENES% T
0 Jrii . WURTESRASRESD 0.4 g, ZIEFRIHALE,
HIIA 5 mL HNO,; 5 2 mL HCIO,, 3 35 F, 60 °C
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e 3 iR, 5 ARl PE LAY i FE SR SRR T R 5
JLEFHEr R 2 K>P>Ca>Mg MFHIE. K & Hix
=, SRS BN 15609.66~45912.66 mg/kg(HA{E Ky
25765.51 mg/kg); P, Ca & AHXT A Mg &5
%, & H: 90 Bl oA 1460.35~2467.77 mg/kg( ¥I1H H
1882.71 mg/kg) . W oG & EIIUT A Mn>
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Table 2 Linear equation and R” value of each element
concentration and peak area

JLER K ICE T 5 RFRA Z T R RMH
Mg y=TE+06x+61694 0.9999
K y=4E+07x—1E+06 0.9991
Ca y=1E+07x-119315 0.9995
P y=265004x+622.68 0.9999
Al y=2E+06x-5121.7 0.9993
Mn y=2E+07x-135076 0.9998
Fe y=1E+06x+42950 0.9996
Zn y=376520x+6870.3 1.0000
B y=1E+06x+8476.9 0.9998

Al>Fe>Zn>B, Mn 7 5 FifE CE P oEmmS, o8
U 543.52~1393.27 mg/kg(FIE 7 885.31 mg/ke);
B AR, YGRS 5.07~36.15 mg/kg(FIE K 26.18
mg/kg); Fe A1 Zn B4 & EAE Al B Z 8], H b Fe &%
i KTASZRIONE> T4, FEVRE SR ZERT

TR IR FER; Zn & RIS > I 5S

>HRITHS, FEVBIR 2R ZE R - A5 vt e i 35 25 5+

%I04 5 2 %X (Coefficient of Variation, CV)

MK B]/NHEF A Zn>B>K>Mn>Fe>Al>Mg>Ca>P,

Ak CV<15.00% N 5528 5E, 15.00% < CV < 36.00%
SHEEAR R CV>36.00% MEBAR S R AR SRR

F1 Zn RS RBERR(CV=66.65%),B(CV=42.05%).
K(CV=39.93)IRZ, =H ¥ imAs 57 P 28 5 224N

B/NCV=8.19%), N 55487 ; Mn. Fe. Al, Mg. Ca

M HRAEAR S, Mg, Ca FYAE SR R BURXT A, 451K

21.00%. 20.75%, Al BB FIh Mg EZES 555/ 1

SCEAVEFN, TIZSA SIZEf Ca AHPY, X Ca BYFFR
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Table 3 Contents of mineral elements in flat green tea samples (mg/kg)

FERL A4 TR Mg K Ca P Al Mn Fe Zn B
X-1 2467.77+139.03" 26812.72+681.90° 5779.68+129.26™ 6429.91+183.03 283.56+11.98" 739.38+6.00¢ 143.10+7.55" 209.74+7.60° 5.07+0.11¢
X-2 2383.77+92.95% 23054.72+1181.76" 5899.90+83.51° 6221.26+78.16™ 309.05+15.87* 739.59+6.95¢ 143.48+3.38" 194.32+3.43" 5.64+0.06¢
L-1 2238.44+92.65° 41974.45+1568.40° 6155.54+108.72° 6171.99+46.24° 297.65+8.68 1393.27+5.18" 122.13+4.98° 88.47+2.11¢ 26.85+1.16"
L-2 2336.57+174.12%° 45912.66+1534.21* 5619.95+138.72° 6194.09+87.28"™ 299.29+14.76™ 1387.17+7.52° 130.27+6.44° 96.45+4.24° 25.4+0.31°
D-1 1697.12+58.80° 28389.96+1226.05¢ 4590.08+68.36° 5202.39+73.60° 187.06+7.81¢ 1160.60£19.85° 152.20+7.83" 77.97+2.34° 36.15+0.96
D-2 1622.72+22.62% 27046.28+605.17° 4200.52+64.73° 5432.96+84.64% 161.66+10.48° 1032.17+11.69° 166.94+6.33* 75.8+3.646° 35.27+0.14"
M-1 1460.35+48.80¢ 16316.22+689.34° 3172.14+74.70¢ 6332.00+£116.38"™ 216.81+12.16° 585.25+14.57" 78.87+3.70° 37.85+1.75" 30.13+0.35°
M-2 1587.9+63.76% 16562.20£569.94° 3498.01+£59.34" 6700.54+£97.19" 235.26+5.19° 543.52+12.27¢ 80.83+1.78Y 39.61+1.04" 28.16+0.45¢
Z-1 1540.39+41.81% 15609.66+433.23° 4247.12+180.90° 5351.96+151.22° 146.94+7.16° 687.58+20.37° 81.26+1.56' 36.39+0.66' 35.31+0.37"
zZ-2 1492.05+10.84%  15976.22+687.76° 4529.30+66.35 5650.46:102.96% 143.82+4.55° 584.60+£13.96" 72.51+3.08¢ 43.02+1.04" 33.83+0.65"

f/MA 1460.35 15609.66 3172.14 5202.39 143.82 543.52 7251 36.39 5.07

S IN] 2467.77 45912.66 6155.54 6700.54 309.05 1393.27 166.94 209.74 36.15

Bt 22 395.35 10288.69 989.82 489.09 62.85 314.03 33.67 59.96 11.01

E%ﬁ%&w 21.00 39.93 20.75 8.19 27.55 35.47 28.74 66.65 42.05

T ARG FRERR ] — 51 BAT 222 57 (P<0.05) 5 K4l
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[F] = s, Jig T2 2 5 v Ui 15 SR 1 - 340 5 1 A VB TR AR 25
15 (3.40%) , 155 T HAl 4 Ay 1 il s TE SEA5HE T,
A5 A5 v e B A R o B 1K (2.66%) o IT I
SR S B DAR Uy A i . S 8.17%, i T Al
4 DB R TE SR AS R S . VBT ZRZERIA T I A
Wl HE B S 24 B R I 4.00%, 43 318 E 4.40%.
4.29%, /=T HA 3 ANr=iy mIESESs . 5 ey
ST LA TR SE .  KIZ ) AW TiF s It
P . WP ERRAGE i 0T B 3 B R AR AE 22 57, HAAR S R4
KF, 5 LTRSS B 858 R (CV<15.00%) o
23 RREGFERERSSHT RTREXRES T

LI Mg, K. Ca, P, Al, Mn, Fe. Zn. B &8 JiJG
REEEN— B, oK Y . Z20 . e a it
P8 . AT O L IR A S T R A B o O —
W, Sr BT P PR Z Rl AR S HE . i 26 S AT, Mg 5

Ca. Al. Zn 2 W IEAHC(P<0.01), 5 K 2R3
IEAHSE (P<0.05), 5 B 24K 8 3 71 4156 (P<0.01);
K 5 Mn 2 B3 IEAH(P<0.01), 5 Ca 2 EFHIE
FHH(P<0.05); Ca 5 Al Zn 2 B EFEIEFHXE(P<0.05);
P 5 Al 2 B IEA(P<0.05); Al 5 Zn 2 B FHIE
A (P<0.05), 5 B 2 3 T AH % (P<0.05); Zn 5
B £H B3 IEAHR(P<0.01) . DL E3RBH R IEERARE
il AT TG ER Z R AR R, HARAEPME sk R B
EHIS

ha 6 nfLLEH, KZEYEEHS B SEHER
EAAHIC(P<0.05); 32 W &S Fe il n 2
AR (P<0.01); nIFTEEMEES B S EEDE
IEAHSE(P<0.05), 5 Mg, Ca Fi S i & A (P<
0.05); MHERR & i 5 Fe & Bt 4% o 35 T AH G (P<
0.01), 5§ Mn &HEE BENAHIK(P<0.05), HILATH,
Jii JE BRS04 54 T T Wiz Z2 0SB oG 28 AN [R R EE 11
S
24 REEERV RTRS®EERS T

EBGTAIATRER IS ST AT SR P S R DT
R HWIO AR FISEZOCER, AR ™ S BT PP S
HESAZPY) R RS TT TE 4R AR
S BT ER B B ATE AR A AT, FR B 1 WA,

F 4 RIGEAFET EE TR R (%)
Table 4 Contents of quality ingredients in flat green tea samples (%)
FE R A4 FR KEY) KL A= ATV SR WP
X-1 45.17+0.50° 16.04+0.14 2.87+0.01° 5.82+0.11¢ 3.66+0.01°
X-2 45.22+0.45° 16.09:£0.09" 2.73+0.02¢ 6.00+0.15° 3.7740.03¢
L-1 47.53+0.58" 16.19+0.10° 3.19+0.02° 6.59+0.17° 3.78+0.02¢
L2 47.35+0.80° 16.31+0.08% 3.14+0.02¢ 6.30+0.13¢ 3.87+0.02¢
D-1 48.65+0.83 15.74+0.06% 3.09+0.00° 8.28+0.13" 3.45+0.01"
D-2 49.01+0.54* 15.66+0.02% 3.18+0.01° 8.05+0.18° 3.57+0.01¢
M-1 47.91+0.82% 16.5+0.15" 3.52+0.04° 7.73+0.03" 4.49+0.01°
M-2 48.09+0.56™ 16.64+0.09° 3.28+0.02° 7.51£0.03" 4.31£0.00°
Z-1 45.82+0.14° 16.69+0.13% 2.68+0.02" 6.59+0.11° 4.34+0.01°
zZ-2 46.08+0.29° 16.88+0.11° 2.64+0.02" 6.55+0.08% 4.24+0.01°
H/MHE 45.17 15.66 2.64 5.82 3.45
S IN(] 49.01 16.88 3.52 8.28 4.49
Pt 22 1.34 0.39 0.28 0.83 0.35
A5 ZECV (%) 2.84 2.37 9.08 12.00 8.83
R 5 MIBGEFEMT BICE S B IAHSME BT
Table 5 Correlation analysis of mineral elements contents in flat green tea samples
TR Mg K Ca P Al Mn Fe Zn B
Mg 1
K 0.672" 1
Ca 0.905" 0.696" 1
P 0.423 0.082 0.115 1
Al 0.879™ 0.603 0.677" 0.720 1
Mn 0.462 0.942" 0.571 -0.208 0.367 1
Fe 0.550 0.564 0.529 -0.213 0.329 0.595 1
Zn 0.862" 0.301 0.740" 0.313 0.674" 0.118 0.627 1
B —0.812" -0.138 -0.612 -0.606 -0.762" 0.120 -0.320 -0.921" 1

T *FIRTE0.057KF- (CBUID) S ZE ARG **RRTE0.0 LR COUIND A 1 2 415G K6l
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Table 6 Correlation analysis between mineral elements
contents and quality ingredients of flat green tea samples

JLE KENY KB AR eSO ke
Mg -0.452 -0.372 -0.180 -0.702" —0.544
K 0.202 —0.460 0.221 -0.206 —0.594
Ca -0.474 -0.334 -0.406 -0.705" -0.608
P -0.199 0.252 0.359 -0.380 0.284
Al -0.255 -0.220 0.179 -0.536 —0.284
Mn 0.378 —0.544 0.227 0.034 —0.643"
Fe 0.177 —-0.956" 0.020 0.062 -0.953"
Zn -0.558 -0.488 -0.327 -0.602 -0.592
B 0.665" 0.183 0.257 0.707" 0.261
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Fig.1 Principal component analysis scree plot and variance
explained of flat green tea samples
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54 F o5 Mn. A5 2 W & AH X IEAH OG . RiT
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Table 7 Principal component analysis of mineral elements and
quality ingredient traits of flat green tea samples

F 5y
FabR
1 2 3 4

Mg 0.979 -0.130 0.125 0.073

K 0.679 0.476 0.246 0.490

Ca 0.920 -0.066 -0.159 0313
P 0.286 ~0.465 0.800 -0.185

Al 0.807 -0.153 0.543 0.015

Mn 0.511 0.681 0.084 0.514
Fe 0.691 0.604 -0.233 -0.292
Zn 0.895 -0.210 -0.129 -0.366

B -0.777 0.494 -0.114 0.372
i) -0.387 0.843 0.346 —0.041
KL -0.525 -0.723 0.162 0.405
Ry AR -0.208 0.508 0.803 -0.165
AT -0.610 0.716 0.094 -0.295
AR -0.691 -0.600 0.321 0.165
FRF(E 6.463 3.969 2.028 1.306

T Z TR (%) 46.16 28.35 14.49 9.33
Rt Ir 25Tk (%) 46.16 7451 89.00 98.33
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Fig.2 Dendrogram obtained from cluster analysis of flat green

tea samples
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