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ABSTRACT: Objective To establish a method for the determination of the monosaccharide components and
content in polysaccharides from Liubao tea by ultrasonic-assisted enzymatic extraction-ion chromatography.

Methods Optimization of extraction conditions for monosaccharide components and content in Liubao tea
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polysaccharides by single-factor experiments and orthogonal experiments. The chromatographic conditions for the

determination monosaccharides in Liubao tea polysaccharides by ion chromatography were optimized

simultaneously, and the established method was evaluated methodologically. Results Through analysis of range
and variance, the optimal extraction process conditions for monosaccharide components and content in Liubao tea
polysaccharides were that Meejiylase 0 Mpectinase Tatio of 1:5, enzyme addition level of 4.0%, enzymatic hydrolysis pH of
5.0, solid-to-liquid ratio of 1:25 (g:mL), enzymatic hydrolysis-ultrasonic treatment duration of 40 minutes and
all 7 kinds of

monosaccharides exhibited good linear relationships, with correlation coefficients greater than 0.995, the relative

enzymatic hydrolysis-ultrasonic temperature at 50 °C; after methodological evaluation,
standard deviation of precision was less than 3.2%, the limit of quantitation were satisfactory, and the recovery rates
ranged from 83.33% to 101.74%. Through the analysis of monosaccharide components in the polysaccharides of
Liubao tea showed that the tea polysaccharides in Liubao tea were composed of rhamnose, arabinose, galactose,
glucose, D-xylose, D-mannose and galacturonic acid. Conclusion The ultrasonic-assisted enzymatic extraction
method can significantly shorten the extraction time of sample, and can be utilized for the rapid determination of
monosaccharide components and content in the polysaccharides of Liubao tea.

KEY WORDS: ultrasonic-assisted enzymatic extraction; ion chromatography; Liubao tea; tea polysaccharide;

monosaccharide
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1.1 MRS

ANEEFFEMCR A4S,

FZENE . PTRLANE ., LRLAEEERE 100%) . D-JoKH
W, D-ABE(SERE 99.9%). D-H &L 99.8%). D-3
FUBHR TR AT UE S (LEE 95.1%) (1 25 5 R 9E %)

FEAUK (LI E Milli-Q 258 F/K & 4B 2% B 45);
400 wmg LF4EEREF, 50000 /g BEEEFCAEWHE AL, b
TR A R BRAFD, RBEHR (100~200 H). BSER (5
M4l (I 25 5 LR BRA /), SEA (e gest, K
R B2 AR A R A R, BEERAN (5T B2, PUBE Ak
WA PR AT
12 UFE5EE
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FE(4 mmx250 mm, 10 pm). Dionex CarboPac™ PA10 {34
(4 mmx50 mm, 10 pm) (& EFEBRCHRBHE A A); IKA
MS3 HERIRA # (8 IKA 2 F)); Milli-Q 28 7k k4= 4
(3% [# Millipore 2 w]); pHS-3C i i 11 EHERE Rl U3
FRATFD); AllegraX-15R & figE A & 2B O HLEE R D 5
2 /0w]); BSA3202S HL TR F[Ed: 0.01 g, TEEZFIMFIE
I ERALE) A BRZA F1; XA205DU L T3 KF- [ 0.01 mg,
PRS- R AR (1) A BR 2 ] ] 0.45 mm 2RI ARifERS:
65 07 (BT K 5 e LA AT PR A 7).
1.3 f@ifkss

ik e 2 355 A6 I 85 SR PR B o DU R4S, T 1, ERE B
25 ub, H:IE 35 °C, W 0.8 mL/min, WP K
(A1)-10 mmol/L & A AL AN (B,)F1 10 mmol/L i % 44 14 i
(C); KPR shAH S BE 2 i 0 min: 85% A +5% By+
10% C,; 0~15.0 min: 85% A +5% B,+10% C;; 15.0~32.0 min:
85% A+5% B,+10% C~65% A;+20% B,+15% Ci;
32.0~44.5 min: 65% A;+20% B,+15% C; 44.5~45.0 min:
65% A;+20% By+15% C~85% A+5% By+10% Ci;
45.0~60.0 min: 85% A;+5% B,+10% C.

14 ZWTFE
1.4.1 HEE&RGHE

PRI 0 J5 TR R 7S RS R M R 2.00 g(KE 1 &2
0.01 g), fIA 4.0%FEBUEF(Meraxm: Muw=1:5); FEBOA B
“fi7Kk 50 mLERHE G 1:25 (@mL) 1B 395, #EER pH 573
5.0, TERHR-HBA IR 50 °C, WEH#-# S E 40 min
THEE BB E WK T KNG 10 min, B EETE
4500 r/min F &0 5 min, B FJZ K 2.00 mL £ 10.00 mL
BOET, A RBMAY 100 mg, WiE 3 min, 17 0.22 pm
B, LHLRFAHT o
142 #HEEEEET

FAVELy/ B2 i O E S Sl R N e
LB, WSO . W pH . RRRCEG . AR RS IR L R
fR-HF IR T, AWFF RS EEM spzmm sp=1:5), [
BINER 4.0%, B pH ol 5.0, BHE N 1:25 (gmL),
ff-EEFEBT SN 40 min, BEME-EFEIREN 50 COMEERNSE
Bk, AR —E R, FRIBOSEREAH 2.00 g0k
2% 0.01 g), S FIRFA RIS (YR MG . MG
FRIBE(M s M oe=1:1) PRI LA (M s e M =121
1:2, 1:5, 1:10, 2:1, 5:1, 10:1), EEAHIIEA.0%. 2.0%.
3.0%. 4.0%. 5.0%. 6.0%). Ff§f# pH (3.0, 4.0, 5.0, 5.5,
6.0). BHELL[1:10, 1:20, 1:25. 1:30 (gmL)]. AEf#- 70
(20, 30, 40, 50. 60 min). PfF-H75IREE(30, 40, 45,
50, 55. 60 °C)XI7NERAS M S & AR BRI
143 EREBHKA

PUBA R RSB0 45 O IR, TERE Misrm: Mo A5 BY
PRI, HBh 15, MM pH N 5.0, TEEEETRINE . BIR

LU | PR - P O ) DA B iR B P L 4 N INER, DR BRI
Z P U R BRI SORAR AR, BT 4 IR 37KF L3
IEAZ S5, DAL P 4 B R IO B 2% 20 b R G T
2, WRBEBBAR-LHE L 1.

#1 EXRBEESKE

Table 1 Factors and levels of orthogonal experiment

o A BRI B FHAE G BB D: R

% (g:mL) I [i3)/min TREE/PC
1 4.0 1:20 40 45
2 5.0 1:25 50 50
3 6.0 1:30 60 55

1.4.4 FfESERAHE

FRECE ZE0E . BTRifroms . ~RFLaE . D-Jo/K R &in .
D-ARWE .D-H 850 . D-P LB IR % 50 mg(K5 1 % 0.01 mg)
SrHE T 50 mL Zafh, FHEATKE R R 2, Bk
TR A | mg/mL MFRERE IR IR, T-18 CRTRIRIE.
T PR HR e, BBCRH ) 1 vk B M) P s Y i TS VTR
Ja VE R G FRUE AR
1.5 HIELIE

AR € Jp B Ab FREF(Chromeleno  7.2.9)%F FHLEL
AT A5, Excel 2010 FRAFEXT S5 LB - T4 gt it
FE, RAIER BB 3.1 X s2s BB e T8

2 HFR55H

2.1 BEEREXE
2.1.1 RIREEISER ST LB FRBARGYH
B 1A)ATHL, 7S & BEE S I E 5 T
(mzummmmm=1:1)$%ﬁlﬂﬂ“, UM AL L
TR PR & 1 W B T T RSN 4 4 R i alUR B — b,
T B B B ol B BB ESE, WA A R BUR tE R
TS0 — i s A, 3R R O A 1 Tl 1] B A A
FR, T4 50K AR AT 4 | R I 25 4T M B A 2 K A7 R
ALV PE R OB, L TR R R R PR BUSOR =, R
28 TR (0 s MM s )V E AN USRI S R 22 P ALY
PEI
2,12 EERABANBER LM T RS FRIGR YR
HE 1(B)AJH, BERIIEAE 1.0%~4.0%Z [, HHlE
i B TS N A3 T 2 L T, HHRTE 4.0%0] i
P I = (E, DORECYEFAINE IR, T RINEES A 20
BLBE S ol ) TR, IR T R AR SR, DATITAR v SR EURUR,
MAE 5.0%~6.0%2Z 11, $EIACRITIRT R, 2L
BN B 28k B AR RN, H 4R B A BB R A 2 b
1.0%~3.0%5, %R 4.0%. 5.0%. 6.0%3E4T1IEAT L5 .
2.1.3 BEfE pH s ~RE S 4P 2B A FRBAR G
ML B 5% AT R 4 4 2 W 0 5l pH 7E 4.5~6.0; R
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JiE B Y B & pH 7E 3.0~5.0, 7B EA R EER pH (3.0, IEATSLER

4.0, 5.0, 5.5, 6.0)%7SERZE LMl BB E R HUR S 2.1.6 BEafE-BEBENNERSEPEBELSFTRIR
M 1(C)RT A1, 7€ pH R 3.0~5.0 B, FRBH & 1 B & 3G K, ENRAL)

Mm% 5.5~6.0 B}, &EAR TR, XEER A HRKE
AW pH &M, BRI PEA R R i KRR,
o IR, DT X B R SRR A Ak, U, R
pH 5.0 /£ R A R M 5 W 1% pHL.
214 FRREFHRIIT SRR S A SRR YR

HE (D), RN LE 1:10~1:25 (grmL)Rf, 7~
PRIR Z2 M b BB LR R IS BT, R e 125
(g:mL) A ey, X2 B D & B L 3 i, 5 mt 58
FIE LA IR, 20 B0 OB R & T, M RN L AE
1:30 (gmL)WFFFaR TR, TR SH IS i it v 88 4 i G, 3
PRBCR N RERTEL, FIt, RN 1:20.1:25.1:30 (g:mL)
AT IE S
215 EEB-BEFRITSERES
8

r & L(E)RT %N, -8 75 i 18] 78 20~40 min 2Z[8], 7~
TR Ml SR B R LIS, AP 7E 40 min i
= {H, TMAE 40~60 min B, $RIBCHCR 2Pk, kT
fiff- 8 B[R] DR E R By, R 40, 50, 60 min #E4T

B P B FRIFALR

(A) B ZF LK B) 10
E‘%H(CM _— . 8

o 2 (T Y R R ) gg

g

ht/(mg/g)
SINENC-

HR A BF 5% T 0 £ 4 28 Wi 1) e il BB AE 50 °CAE AT
S W 1) 50 TR TE 40~60 °C o 43 1) 25 B [ B - 75
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AR . B LF) AL, L EETE 30~50 °CRE, 7B
RN R RS EIHES, RIS, T e
PO EE, e 7 IRIBCICR, MifE 55~60 °CZJm, JF
5T B A, IR DR Ay 2 g - 75 IR L e TR
G, BAEIIEIG, WM FBERBCE TR, Bk, %
45, 50, 55°CHHTIEAS LS,
2.1.7  RIREGIHI A SARIE S e P R AR A FRIECR A Y0

I 1L(G)RTAL, FREUBE( o M snens) EU 15 B S
R P o7 AR, T 5 BB SR 5 b B O, b rEdR
BB (N srspems: M ye=1:5)F5 15, ﬁﬁﬁ:?ﬁ%ﬁl@ﬁ(mﬂmmi M =
1:10), $EHUHE(M sorens: M gpm=2:1 . 10D R, HE
TR S il X} 7 R4 22 R AR TR E;”l'] LU EF 4 R BRI R

Wi K, (LSRR il L A9 O By, B ST 9 ] 41 4 3%
BEFESE IR 0 1, L, AR I i
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Fig.1

Effects of extraction enzymes (A), enzyme amount (B), enzymatic hydrolysis pH (C), solid-liquid ratio (D), enzymatic

hydrolysis-ultrasonic time (E), enzymatic hydrolysis-ultrasonic tempetature (F) and enzyme extraction ratio (G) on the extraction
efficiency of monosaccharide content in Liubao tea polysaccharides
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AR 2 BN 3 & B, AL C. D3
ANEFEXLIREE R B, B HEARE, K
NG Ky A>D>C>B, BV RFAS 1015k > Al g 0 7 30 >l -0
>R . A% A HAER, 3 2 K i[5, B
ZHEP BRI % AB,.C\D,, RIEGVS Nt 4.0%, FHE
Ll 1:25 (gmL), BEfR-#EA AR 40 min, [R-HE RS R
50 °C. DA ARPFBIRAIE LS, e 0 b bl B 0y
B 7.83. 7.83. 7.86 mg/g, FI{H N 7.84 mg/g.

%2 EXTBRERSRENT

Table 2 Results of orthogonal experiment and range analysis

B has A B C D B/ (mg/g)
1 1 1 1 1 7.41
2 1 2 2 2 7.50
3 1 3 3 3 6.90
4 2 1 2 3 5.49
5 2 2 3 1 6.15
6 2 3 1 2 6.97
7 3 1 3 2 6.59
8 3 2 1 3 6.09
9 3 3 2 1 5.48
K 21.81 19.49 2047 19.04
Ka, 18.61 19.74 18.47  21.06
Ks 18.16 19.35 19.64  18.48
ki 7.27 6.50 6.82 6.35
ka 6.20 6.58 6.16 7.02
ks 6.05 6.45 6.55 6.16
R 1.22 0.13 0.67 0.86
=3 RESW
Table 3 Variance analysis
FERBE  WEFELH AH#E F  Fla¥YE B
A 2.641 2 101.577 19 *
B 0.026 2 1.000 19
C 0.673 2 25.885 19 *
D 1.228 2 47.231 19 *
7 0.03 2

T #7825 5% .35 (P<0.05)
23 #H@Fk., egEHMmt
2.3.1  AALH AF R AR R IR IR 69 AL R B m
S E G S P 4E e, AN EERE X A
[R) R WM R F S e AR SE A S RIS A 75 2 L BRARAIUR,

[FIEsF, B3R 1.4.4 PRUERA4 1.0 mL FClAL 100 pg/mL
HIRAPRUEA, 2 9A 50, 80, 100, 200 mg Y ER Tk
ks, ARG AR bR A 2R 7 Rl A W SRR . &5
RRW, FERRIUR RS BRI 100 mg RBERHA
B, QBRI EHBERE, o R A
TR, W ER A BRI EIRE, A 100 mg
JE R 7 IR SRR AN B, BRI 90% L I
232 BF &L ARAL

PAEHA ETE 30T, AP R REIAR (R 4),
VEFRRE 12 7K(A,)-100 mmol/L E4EALAH(B,)FI 10 mmol/L
BREAVAI(CY), VERARRE 2: 7K(A))-10 mmol/L A fLAN(B,)
A 10 mmol/L B FRANIA W (C )X H AR AW B B RCR,
M 2 BIAL RREERE 1 JaER BRI BT HAA R T,
MR 7 2 AT LA, BRI ARG R VR IR RR 7 2 VB AR IR
WFSTIBEME IR IR . 43 BB 1.4.1 hI4 O RE S TRAN 2.3.1 1Y
TRAARER, IR B 1.3 M5 250 2 Bt o i,
NS SRR S A R O S B LR 3A, HE SRR
s E WLE 3B,
24 ZMXAR RERSEEMR

HERECH] A& %8 0.5, 1.0, 2.0, 5.0, 10.0. 20.0,
50.0 pg/mL MR GIRIEIRTR, # 1.3 M OEacFEr 7404,
DAV TR A AR B (Y), SO Bk Vi B Ay o AR R (X, pg/mL)PE ],
15 5 45 BN LR 7 R BT K i B SR 6 AR ERG  JS TR 1Y)
ANERIRFRIEEND 2.00 g(FEHA X 0.01 @), 7% 1.4.1 1RBUS, i
LKA RSB S AP TR 0.1 pg/mL 2245 HORE i
TR, FEREMAR R I A LAY 6 Fhali /AR R BE,
B, e 1.3 M@ T, LIS H S M
5 IN=3 i, TR R4 B A A R BRI . A
PRSZEG: AREGE I 5 T B 7S BB ZRFR S 2.00 g(Ks A =
0.01 g), #¢ 1.4.1 #EMURE, &tk Bers 21 & 48 % b ot vk
JER 0.5 pg/mL AAT IR SAFR BRI, FERE SRR BRI mA
oAy 6 Pl o HHR OV, SRS, F4 1.3 Mo it T
AT, DAEALAEMELL R SIN=10 SRS, 114554 Bz
ArHERBRE. ZERaFE 5 TR, SYHETE 0.5~50.0 pg/mL
JEE N R, FXREIKT 0.995, # BRI E
0.02~0.03 mg/g Z 8], & & RIEFETE 0.07~0.08 mg/g Z [A],
i H BRI E RIS, WERZ Tk R B .

F4 2 HBEFRIEEONEEERESF

Table 4 Gradient elution procedures for 2 kinds of ion chromatography detection

TELEEF 1 Ve SF 2
A (] /min A% B1/% Ci1/% A ] /min A/% B2/% Ci/%

0 80 10 10 0 85 5 10
18.0 80 10 10 15.0 85 5 10
35.0 65 20 15 32.0 65 20 15
455 65 20 15 445 65 20 15
46.0 80 10 10 45.0 85 5 10
60.0 80 10 10 60.0 85 5 10
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Fig.2 Analyze of chromatograms of standard monosaccharide mixtures using elution solutions 1 (A) and 2 (B)
Q ,»‘) 5% ,\‘3 QQ ,\f) ‘)Q ,\6 ’\/QQ q:;) qf>° ‘) %QQ ’9:—) ";}Q ,\6 @Q b:\f) ‘)Q ,\6 (&Q (‘9’6 ‘;)Q ‘;\6 @Q
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& 60 e ]
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201 i
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-16
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Fig.3 Chromatogram of the standard monosaccharide mixture (A) and the sample solution (B)
*=5 BERENZMETEE. XA
Table S Linear range and correlation coefficient of each monosaccharide
H oy 2R Lk Jr ARG R HL() £6; 4 BR /(mg/g) JE PR /(mg/g)
A H Y=1.8757X+0.1834 0.9975 0.02 0.07
[EDR(EE Y=1.6224X+0.4486 0.9991 0.02 0.07
L Y=2.2438X-0.4470 0.9982 0.03 0.08
W Y=2.8010X+1.2062 0.9996 0.02 0.08
D- AWl Y=1.4353X-0.5897 0.9961 0.02 0.07
D-H &b Y=1.4040X+0.2339 0.9958 0.02 0.07

RE R Y=2.1572X%-0.4857 0.9977 0.02 0.07
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2.5 fAREIYSELE . BEREE LW

PRI 0 5 TR 7S RS ASMAE AL 2.00 g(F 1 2
0.01 g), BTN 3 AARFEAFE SRR, THEFEHE
WA I AH X AR HE R 25, B S8 T ME R R RIDRG % R,

M2 6 A, 45 BB AR A ] K M Y iR B o8
83.33%~101.74%, FHXIARAEMZE R 1.3%~3.2%. WF AT
RO EHTFIME S ER 2 & RS R R R,
W, EEML.

6 [ClTSeas KR SEai (n=6)
Table 6 Recovery experiment and precision experiment (N=6)

W5 245 A JEAE/(mg/g) AR/ (mg/g) F P E/(mg/g) -3 IR Y% AF X A7 T Al 22 /%
0.2 0.47 83.92

A 0.36 0.5 0.77 89.53 1.3
1.0 1.15 84.55
0.2 1.75 101.74

e mA(SE i 1.52 0.5 2.01 99.50 3.1
1.0 2.49 98.81
0.2 1.98 99.00

EFUR 1.80 0.5 2.21 96.08 2.8
1.0 2.65 94.64
0.2 3.58 92.98

ket 3.65 0.5 4.02 96.86 2.9
1.0 4.27 91.82
0.2 0.41 95.34

D- A 0.23 0.5 0.67 91.78 2.5
1.0 1.12 91.05
0.2 0.30 83.33

D-H #& i 0.16 0.5 0.63 95.45 1.9
1.0 1.12 96.55
0.2 0.28 87.50

IR RR 0.12 0.5 0.65 98.38 3.2
1.0 1.06 94.64

2.6 HmNE

R 6 b, MIE S s &, it 3
ASTEATHE, % 1.4.0 $RERES, F 1.3 BB A X /S BRARE
FRR G TINAE o MEESRATA, Z TR B /S R AS 2
POl R B . BRI . BRI, WA . D-R
B D-TEEME LA R AUBHRE R 2R i, b DL TRz AT A
AR AER N E, 3 AR, SRS RES BN
(0.36£0.15) . (1.36£0.50) . (1.78+0.45) . (3.60+0.26) .
(0.23£0.02). (0.16:£0.06). (0.12+0.02) mg/g (N=3).

2.7 BEBUMEREUESKERTUAFMRINELSR
=834

PRIBCI) —HE UL 0 5 T 4R B S B 2R 2R RE A 2.00 g
(H5H8 2 0.01 @), [AA8 3 IFATHE, REEREDLILES B R
S-S OVIE (1 T A Ry v A R HEA TR I, 7 D
BORFE 141 $RBURESL, JH 1.3 GRS ExT 2 Ry i3RI

ANEEZERE S AT E o SRR, MBS B,
B A B A R IO HAL e i /K R B DTk 2 3R I —FloB iy
HOr(D-ANE);, WS R, L3 A FATRERS S
SR S (E AR EL, R B I B B R B
7.84 mg/g, KILEIUEE MRS EN 3.20 mg/g, HRBGICK
PR T WIS, SO T 8 7 Dl l B HE UL S A T
ANERZR P BRI, (RIS HA 2R A 2
BRI 158 A 72 S

3 & i

A G S 10 0 7 D TR - 1 (B 3 I X
RN R Sy K ik, TR E N B2 7
il BURZEL 05 B, 5 RRLAL GE R K AR BTN R K A 2 2 0
RIS DT I B, R BRI AR L RO
i SREOIMRAERE, TR AT 7 QL DM R 2 Hr &
R AT SO @Ak P A 2 i s e B, Al DAAE [ —
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A P rp o3 B AR Hp PR R AR PR, R R, WIS
FF R AR BRI, AT S 7S B8 28 20 rp SR 2 03 o)
e AR HA 2% 2 2 50 A $ BT 10 O AR B o SR T, AR
WFFE L AT A A R Z AL, a0 A5 T 27 4 R AR
JiE At 4 o il 2 5 A 7N B8 21 22l P LR AR BUBCR 15
T JA /NI A UV 5 i R X 2 by 2 A R 1 4 v
WARTHAF, I, 4R, REREMEEARE 3 FH4
BAEZNERAR W BB R 5 SR BUSCR S R A it
— B IRAWTFE, WTT AT Ry 75 B2 (4 S RE P BT Al T & 2
LT A T A BRSSO
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