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Formation, Structural Characterization and Regulatory Research of

Sediment in White Tea Infusion

CHEN Lu, HUANG Yaping, KOU Yinjiao, CHANG Kaile, LIU Anjun
(College of Food Science and Engineering, Tianjin University of Science and Technology, Tianjin 300457, China)

Abstract: The sedimentation problem poses a serious challenge to the quality and stability of tea beverages. To study the
formation process and structural characteristics of the sediment in the tea infusion of white tea, the tea infusion of white tea
was placed at 4°C and refrigerated for 40 days. It was observed that the sediment showed a black and white stratification
phenomenon. Chemical analysis methods and Fourier transform infrared spectroscopy were used to analyze the components
and characterize the structure. The results showed that the black reversible sediment mainly formed in the first 30 days. The
main components included tea polyphenols (38.61%), theanine (5.77%), and caffeine (4.43%), etc. The white irreversible
precipitate mainly formed on the 20th to 40th day, and its components included oxalates and a large number of mineral
elements, etc. The crystallinity of calcium oxalate was 64.12%. The sediment of tea infusion was regulated by adding
chelating agents and carbohydrates. The results showed that adding 0.1 mmol/L food grade Na2EDTA or 0.5 g/mL fructose
had a relatively significant inhibitory effect on the sediment of tea infusion. These results provided a theoretical basis for
improving the stability of white tea beverages.
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HEB TR A, FEER R B A F
FD-1A-50 B LS AR T1RNL, g OCRRHEAAE A
FRAE]; Synergy HTX BURSEFRA, € ER G A PR
A#E]; 1260infinityl B4 & RO kA, IR
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10 min) -
1.3 FAMEFBAMNER S EHE

FKIAHTE 4 °CI7ik 40 d, &R 10 d SHATHI IR IE 5%,
4 °C. 10000g =53 B> 20 min SRECANTIE, BUTE
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4 °C. 10000g &» 15 min, FrRUTIEM 5w
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J¥: 0~10 min, 100%~80%A; 10~35 min, 80%~55%A.;
35~40 min, 55%~55%A; 40~45 min, 55%~100%A.
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1S #Usgg (RS) 0.3 mm; SR T3
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) 5% 37 RIS DA [R) o F A B ) SR b . e A B AN
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Ji 20 d WLELUTVE TE o
1.7 BESH

K H SPSS 20.0 A A7 B & U7 2= 4 i
(ANOVA) 4iit/p#fr, Duncan £ 530 HIAG 56 1 T
M B 0 S 25 22 53, P <0.05 A N B Giit2#
B, BNEKRER 3 K, SR CEIEMbRHE
77 RN

2 HREDMH

2.1 TR HATAR S
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Fig. 1 40 Days observation on sediment formation of white tea infusion, change in sediment content and in light transmittance

of tea infusion
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filt, MAGIEMRFRE, RE—DEM. 46
K1 (B) ME1 (O JiiEEMBEI AT A,
FERT 40 d, BPUERE R RE ETHES, B 40 d
JERSDTTEEAREE 158 1 RIS 1 2.5 £ /EAT 30 d,
AP PIE R R, 30~40 d, VUERBETRE,
£ 20~40d, AATHPLEEBEWK, BIAKE, 7]
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Tab. 1 Color difference changes of white tea infusion within
40 days of storage

e A e/ L a" b* AE
1 4516 2149 2380 23.46P
10 46,732  2.65¢  2.97°  20.76°
20 4262 273 293 16.5¢
30 38.59¢ 366  3.67 25.1
40 35.68¢  3.892  3.79° 26.9%

T BRLL 3 REE BN TFIERR, R T AR R 2% 5
2% (P<0.05) .
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AR AL A, SN T RGN .
2.3 TiEHAE) BB RATUE S P B FERR S

AR R Z UM AEA R A 2 froR. B
P 2CAY T Ji, W TTE H 76.7%1) B %0 43 Fl 23.3%
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miEEs, (B 2C) « AHLER (& 2E) MR H N EE
B, A SUTTER) 38.61%. 16.49%. 5.77%-
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Fig. 2 Organic chemical composition of white tea infusion sediment
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T RATTIEY AL S H 8 R A T shaa ik, B
WA HERS, IS 2 P& 8 oo = AE LA
SRR SN FEEA. EESRILR (Ca. Fe.
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HAZBE S FR AR M AAE R E 2 % Ca. Mg,
Fe. Cu. Zn. Al fil Mn 7E7j 20 d N 2390, T K
AN B9k T 28 3E 2 55 30 do X A& A N 5 Ca?t fl Fedt
FHEL, KR N2+ By 358 R 5 (1 e A7 B8 /0 8253,
DAL M2k B TR J AN T 1 285 45 0 I S P O 75 B 1) B
8, XMWy, BmA. HEE. KR HE.
AR (HEER. 4. rER. FRER. 303
PLEJLZEE (GC. EGC. EGCG. EC. C) & &
BT, HRZHO N EFEE KA 20 d
N HZERRE LIBRA TR AR 0y, &
iR, b EEHAWI 32.75%~36.52%. HHELZ
T, BPESRAEAT 10 d BEAGMN, MEBTRE.
SR, ZAR R & BBl ki Al B, 5T e e i
WAL B o IR AR, AR BHIZ Biks 3 5L
FRARTTR, ARG R R R R R A b i 2l

#x2 BERFPAETEXERSBERMDT SENR BRI
Tab. 2 Content of reversible and irreversible sediments in white tea infusion and the correlation

2 IER AIYTE o
0d 10d 20d 30d 40d 10d 20d 30d 40d
%% W (ugmL) 637792 58587  514.87° 510.48< 508.21¢  365.87¢ 37957 381.36*  385.622  -0.984*
EAN (ugmL) 43452 38.85P 30.78¢  26.64¢ 25.61¢ 20.14c 2283  28.36 28.69? -0.921
M (ug/mL) 23645  270.23*  208.91° 200.34¢  200.16° 128.62° 151.65° 150.64®  164.69*  -0.875
WA/ (ug/mL)  72.56° 68.51P 53.51¢  49.68¢ 48.31¢ 49.74c¢ 5302 55372 56.312 -0.916
ZE M/ (ugmL)  98.63¢ 104.78°  110.22° 113.63*  102.03° 178.58* 128.59° 120.36° 125.36™  0.838
B (uymL)  0.092 0.08P 0.05¢ 0.02¢ 0.01¢ 0.12¢ 0.30° 0.50P 0.66° -0.959*
e/ (ug/mL) 95,242 92.36° 85.64¢  73.01¢ 70.65¢ 54.77¢  65.84°  68.64° 88.542 -0.863
g (ugmL)  60.69¢ 60.12¢ 68.45¢  68.13 67.35¢ 4521¢  46.30°  46.40° 47.612 -0.787
2/ (ug/mL)  90.122 90.652 89.23>  88.69° 87.36° 75.68°  78.81°  79.46° 79.892 -0.672
SR (ug/mL)  15.18° 15.562 15459 1556® 1569 10.85°  13.832  13.16" 13.562 -0.979
IR/ (ug/mL)  19.46° 19.12¢ 19.598  19.42° 18.68¢ 15.43>  18.49*  18.69° 18.872 -0.672
B/ (pgmL) 42122 40.64° 40.12¢  38.69¢ 31.32¢ 22.59¢ 2654  27.46b 28.692  -0.972*
GA/ (pg/mL) 25,612 24.59P 20.69¢  17.70¢ 15.36° 7.64¢ 8.12b 8.18" 8.972 -0.888
EGC/ (pg/mL) 8.53 8.22b 3.67¢ 2.81¢ 2.12¢ 2.18¢ 2.87° 2.95b 3.15° -0.917
EGCG/ (ug/mL)  19.98 19.17° 15.21°¢  15.97° 13.68¢ 17.26°  17.61>  1751° 18100  -0.984*
GC/ (pg/mL) 3.212 2.38b 1.69° 1.47¢ 1.35¢ 1.43¢ 2.15b 2.322 2.21b -0.784
EC/ (pg/mL) 5.69? 5.33 4.56° 4.14¢ 3.84¢ 5.81¢ 5.98b 6.07" 6.45 -0.989*
C/ (pg/mL) 6.54 6.43 5.78P 5.46" 4,98 3.89°¢ 4,45 4,640 4872 -0.897
Ca/ (ng/g) 654.39¢  538.49>  531.49 51852°¢  419.36¢ 8578  111.72¢ 11577° 15263  -0.978*




. 6- AP A XY G A
Mg/ (ng/g)  2679.36° 2540.36b 2137.65° 1931.69¢ 1432.50° 368.32° 389.65" 393.49° 456.39a  -0.418
Fel (ng/) 71458 6451  7146° 6451  63.65°  52.69°  64.59°  6359°  71.69°  -0.921
Cu/ (ng/g) 8.64° 7.97¢ 8.19° 7670 10598 4360 1415  1047°  12.40%  -0.592
Zn/ (gl 4869° 3579  31.69°  3579" 3579  19.68°  17.67° 2569  26.79°  -0.838
All (pg/g) 724070 691.07°  681.46° 690.75°  687.36° 324.32¢ 389.21¢ 423.47° 426.98a  -0.886
K/ (pglg) ~ 67268.71° 62843.97° 64190.21b 61163.20° 58963.4¢ 24491.31° 25412.39° 28714.39° 31548.69°  -0.947
Mn/ (ng/g) 121365 1189.76b 1079.62° 1096.37° 1057.36¢ 324.36° 30357 328.63° 31478  0.075
Ni/ (ng/g) 8.712 8.69% 864>  8117c 7667  158° 354 336"  3.49%  -0.716

i BRI 3 IRERERFHMERR, RPAFETF R RAENZEREE (P<0.05) ; *RRUERT 5ENRREFML.

AL T YT E A 8 2R 7 W R JEQ S5 T Bl 11 B
YOI o K22 BR oy W IS ) SiE K25 B 5 vy, IR 2
Fiiw, PIEPTE R EEANR S AR LW b
BEEAZE . NERR . AR AR S, e AR Al
30 d WIRE R, RAIUETTIE Y RSO 2 I OBl 2H hk
Wor. FKBEMRARELMBE TR, &ETRS
B, (6% 30 £ 40d [MHBLEE LA, XRPEHE
B 7 2 8 I W 2 W B R v ) 9 S Ak A1 45 7 X
FOEDUR LR, RS & R .

FEZ I T it #2 9, il s 2 &
WA R 8 R AN R E T X PRI I FE AR AT B S
Fim R oy 2 A EAE A K, flnz
Wy 5 8 R 28BSO, I B T v 2 ) L2
RHIREMR, RAFEAHEWNERAAZLE, hk 2
AR, B E Z RIS R R E ARG, W1 Ca?t
(r=-0.978, P<0.05) . XZM; (r=-0.984, P<0.05) .
ZR & (r=-0.959, P<0.05) . H % (r=-0.972, P<0.05) .
EGCG (r=-0.984, P<0.05) fil EC (r=-0.989, P<0.05) .
XU R, MRS S B ERT, E R
K, RHFEMEE KR, SFEUUEHRREL N, X
SRS FAROE — 8 B Ca?t. WHEERR AN £ 12
TR SERIRGE R P VIR TE RS, Mk, RERS
FEHREREEMX (r=0.838, P<0.05) . 7EHT
RIS &R R AR R A, rdds 2
My 3 e ghi G, BELLE A5 At (2 v ek v 1 2 1 PR A
HAER, AP0 R e AR B

AN 3 T3 2 AR R R R A R
Y. 1E 40 d s, FA A AR I e AL
A HEIER 3. AnHPLEF&EILR (Ca.

Mg. Fe. Cu. Zn. Al. K. Mn. Ni) HIKEH S
PIPOE BTy, Hdh Ca MM RGN, RHH
XFANRIEE T R A 23 DUk

£3 BAFFHFPTAETREUERS SR

Tab. 3 Content of irreversible sediments in white tea

infusion

=% 10d 20d 30d 404d
Cal (pg/gd  2487.29¢ 2893.45c 3591.36° 4119.682
Mg/ (pg/lgd  2865.32° 3039.02° 2720.60° 3125.462
Fe/ (pg/g) 87.69¢ 94.36° 136.49°  149.372
Cu/ (pg/g) 21.39¢ 30.69% 31712 28.35°
Zn/ (ng/g) 121.37° 95.69¢ 135.69¢  131.69°
All (pg/g) 712.63¢  843.26°  856.21°  901.132
K/ (pg/g) 3546.39¢ 4897.69° 5648.36° 6147.69°
Mn/ (ug/g) 363.56° 344519  376.58°  401.362
Ni/ (pg/g) 1.65° 1.32° 3.65% 3.042

e B 3 RER AR TFIERR, RPAFFRERRA N 257 83
(P<0.05) .
2.4 SRS HI4FIE

1] B A A% 17 R G AN AT 3 T 1R 4
PR, SR T B F AE 2 A X 2ok
WALHAT T, R E 3 . I 3A ATALL
AU RMARNIES . AR (1~5 pm)
FRERTH SR ERS . K 3B BIEmMEE ., 7T
K LA N R IR PRI, 33X 2 i R 20 o ) i 7Y
FRIE. M2, A yiie Bk AR /N (1~3 pm) |
I3 B RAF, SR A e Hop e S A S P C
3C) « XMIRATREREMA LI HARER KIS
TR AR G A = YRR I 2% BT B
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Fig. 3 Scanning electron microscopy images of Irreversible sediment (2 pm(A) and 1 pm(B)) and Reversible sediment(C).
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R4 FETURRAA TR TR A
Tab. 4 Elemental analysis of Reversible sediment and

Irreversible sediment in white tea

T ALTE ANEHLE
Cl% 75.00 72.30
0/% 23.95 19.10
PI% 0.10 0.00
SI% 0.10 0.00
K/% 0.50 4.30
Cal% 0.10 2.90
Fel% 0.05 0.30
Mg/% 0.20 1.10
Fi/% 100.00 100.00

25 EEMTIRAINEER X SHE&OTH 5
FZRAN T e 8 L AR B A AR AT X
IFEATIH 3T, S5 R WA 4 Bos.

4 TR RN #T S8 (A)F1 XRD (B)
Fig. 4 FT-IR (A) and XRD (B) of Irreversible
sediment
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Fig. 5 The effect of chelating agents on the sedimentation

amount and transmittance of white tea infusion
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Tab.5 Effect of different chelating agents on the chemical components in the supernatant of white tea infusion

N SR Na:EDTA (mmol/L) FEREN (mmol/L) EAREE (mmol/L)
0 0.1 1 0.1 1 0.1 1
R Z W/ (pg/mL) 2832 273 2707 276° 2807 2807 2680
LA E/(ng/mL) 57.952 53.93 47,622 57.252 61.74 63.432 55.672
S (ng/mL) 120.342 84.69 75.71° 71.41b 58.89¢ 46.54¢ 77.58P
HA/(pg/mL) 45.612 47.272 41.76a 44,882 46.88° 44,522 49.33
W/ (pg/mL) 121.272 106.502 122.392 130.432 120.642 109.532 115.962
Ca/(ug/g) 531.49? 355.48¢ 323.37¢ 357.16¢ 368.49° 503.41° 526.28°
Mg/(ng/g) 2137.65¢  2173.66° 2082.15° 2277.122 1933.81° 2107.66°  1931.49¢
Fe/(ng/g) 71.462 66.11° 64.75P 64.19 67.16° 74.37° 81.66°
Cu/(ug/g) 8.19 7.09 7.03b 9.312 8.642 8.98 10.69°
Zn/(ng/g) 31.692 32.792 32.148 28.21b 27.43b 29.08? 29.167
Al/(ug/g) 681.46° 507.68" 523.12b 661.022 698.69? 561.97° 594,220
K/(ug/g) 64190.212  62802.96°  62034.77°  66442.26°  65156.49%  64994.38°  64314.342
Mn/(ng/g) 1179.62>  1169.34° 1037.21¢ 1189.21° 1067.16° 1429.37%  1240.34°

VE: MR 3 WERMEI TR, RF AT RRORARESBE (P<0.05) .
BRI R B G, 5R 2R

262 #EX

BESEXT B R R UTIE B AE DGR LN A& 6

MAERm A, HIEESERARSEEE T4 a1

FiR . INIBESE AT B2 b 2 vt AR, |
SRPEMUBERE R UTUE M BOR R, PR

FEOR, REREROREH BRI TERIR, A AR
ER A N B/ 3R (TR N U R = s
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Fig. 6 The effect of carbohydrates on the sedimentation

amount and transmittance of white tea infusion
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Fig. 7 Effect of different carbohydrates on the chemical components in the supernatant of white tea infusion
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