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Flocculation effect of chitosan flocculant on water-extraction solution of Xiaoyan
Tuire Granules Oral Liquid
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Tianjin Key Laboratory of Integrated Design and On-line Monitoring for Light Industry & Food Machinery and Equipment, College
of Mechanical Engineering, Tianjin University of Science & Technology, Tianjin 300222, China

Abstract: Objective To optimize the purifying process of water-extraction solution of Xiaoyan Tuire Granules Oral Liquid by
flocculation clarifying method, reserve more active components while less impurities, and improve the clarity of oral liquid. Methods
After clearing out the impurities composition of water-extraction solution of Xiaoyan Tuire Granules Oral Liquid, the flocculant of
chitosan chosen by screening test was used to analyze the flocculation effect. The retention rate of aesculetin, the removal rate of
impurity, and supernatant turbidity were set as mainly indexes to estimate the influence of the dosage of flocculant, temperature, fast
mixing speed, and fast mixing time. Results The optimal flocculating process conditions which were analyzed by experiments were
as follows: the dosage of chitosan was 1.25 g/L, the flocculation temperature was 40 ‘C, the fast mixing speed was 350 r/min, and the
fast mixing time was 3 min. Under these conditions, the retention rate of aesculetin was 88.92%, the removal rates of protein and
tanning were 62.96% and 67.19%, the supernatant turbidity was 5.0 NTU after the oral liquid was flocculated for 24 h. Conclusion
Using chitosan as flocculant in the water-extraction solution of Xiaoyan Tuire Granules Oral Liquid, it could improve the removal rate
of impurities effeitively as well as keep higher active components and enhance the clarity of oral liquid.
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U1y 24 3. 44 5. 6 mL G HE S v 20 Sl HH HE
SERZE 10 mL, fH 045 um MSLIERER, R
PR 30 min, 23RS 10 pL AS[E] TR E IR 22
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Table 1 Effect of chitosan dose on oral liquid flocculation

impurity removal indexes

BURRHE, FROFE O EARE BRE MY

(gL™h TR BRY% BR/%  NTU
0.25 94.24 24.95 1843  >200.0
0.50 94.84 45.44 32.83 37.0
0.75 89.98 53.65 47.18 10.7
1.00 90.56 58.36 42.80 52
1.25 89.17 62.56 50.65 6.7
1.50 80.89 63.71 46.27 22.7
1.75 83.51 56.07 44.40 138.2
2.00 80.23 53.84 40.33 171.8
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Ny BRIG B K A
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JNPY,  [R] FBE R IR 5315 A% TR, 7] S B
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T O B I AR SBURE AN BEAT R 1D R A R S W o A
SN, PR I BV PR A s B 2L
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T T R 25 v FE P A s (HBEE A
HEFR PR O RS N, 24 PRI P K B T e o
CRO SIS LIS, eSO T 2R SRR
(1 i 245 7K B 1) e A 2R RN N & A 0.75~1.50
g/L, 125 g/L (UG IS ROR LR LT
2.6.2  ZEHE X ZBRCRINR W TR T 2R
AR 1.25 g/L IGO0, #E—20 5R xS
JR 2 K PRI ZEE ORI 52 o 420 [ 110 25 B8 ) 2% 91
RAB IR I 2K P2, RBEAIR INE L 1.25
/L, $53R 2 Vv 2RI TSI, PRAHEE 450 r/min,
PLBESTE] 2 min, P24HEE 50 t/min, 2B 10

min. R 2 FEHE T LG, B E
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A BRI % BRI R a2
T RE R FAAIG, 2R AT T h s (LBl
SRR LI TV, BN R Y 2R B LR AR
B AR RA AT Bl e, A BRI LR AT T
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Table 2 Effect of flocculating temperature on oral liquid

flocculation impurity removal indexes

ZBHEE  FRCE ORAE BRI My
T TR BRE%  BRE/%  NTU
20 90.55 62.90 51.43 8.5
25 89.83 63.03 52.30 6.0
30 90.76 64.04 50.84 3.7
35 88.23 62.77 53.45 35
40 90.31 61.94 60.93 2.0
45 89.96 59.17 56.89 6.8
50 90.70 5721 5891 249
55 88.65 56.83 5373 257
60 95.33 5537 4367 312
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JEIZUE R, BURER 7 5 2 T R ORI T L
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o v PR P S5 A A 2R o 1 i 2 R R A R
KRB, A 20k Rk gk 8347 . [H)
I T R A 2 R AR ARG, BRI T BMA
R LR L. Rk, 256 PR 259 A A0k
IR B 2 R ) L B LA e ik B s, e R
B FH 11 28 18 PR i 25 7K S 1) Foe A 2R B
30~45 C, 40 CrZubbEE SR LR T
2.6.3 PRECHE X LB T EEESUR
(IR I T 20860 53 7 S /KB P 24 i o 1
Z TR B ST P e A R, T R P PR KR 4%
0T 2Rk s NI A R B AT Y il s S B A B
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R, PRI R (R KR A AR TS0 R A2
N R A BN 2 O SR . DR AE A
SE T ERBFIV I 1.25 g/L, BN RE A
40 CRIOLT » ik — 2025 SRR S0 Bt 25 /K
BURCR I 52 o F2AH [F) (1) 20 IR 2531 28R AR
SR KEEH, SRRV N IERE 1.25 g/L, 2R
FER 40 °C, %K 3 Bt LB LS, P
7] 2 min, 1EHGEE 50 v/min, 183 1A] 10 min.

HE 3 I EdE vl U Y, B DU FE 1 &
Wi, BRI CER R RO 8
PR, TR 2B 2 R LS i T
1o T B AR PR R A, 290 ) 9 P (i S TS AL S5 T
R VR B P E PR L

F3REHEE XM RIS RN
Table 3

flocculation impurity removal indexes

Effect of fast mixing speed on oral liquid

JE 2 KPR B SR R B o 2 [R) 1) 25 BB ) 4 1
RABIRIORL IR 2K P2, BB I+ 1.25
g/L, ZUEHEIE N 40 °C, PREBCHE A 450 r/min, %
4 TR BRI TR 525, B E 50 r/min,
MRS 10 min.

HHK 4 B s T LUE B PRI (R 38
Wi Tt ARURS IR B 2 S I BRI R A
J B B TR K, T I A AE A0 g I E
N TR, AL 2590 AT AR o A RS A B T
TR 2B R RIS T s PR R A
Rl AR AE PR TR R 2 min [ A S22 AL 2
AR, 29ETE IR . 25 AR A
SR

%4 A ERM R AKIERR RS RN

Table 4 Effect of fast mixing time on oral liquid flocculation

impurity removal indexes

BURAOR B CE mARE O BmE WAy BRI BECoE mARE Bk Ay

E/ (rmin™)  RAER% BER% BRE%  NTU WFal/min - R /% /% BRF/%  NTU
150 88.34 56.70 5253 216 1 91.71 55.55 57.62 11.3
250 86.82 57.52 50.15  18.0 2 92.38 60.46 60.82 24
350 85.41 59.68 50.15 137 3 88.40 57.77 57.31 1.4
450 86.82 62.29 61.20 6.2 4 92.32 56.69 50.90 12
550 81.66 60.00 61.79 8.3 5 95.89 54.94 41.83 1.1
650 82.22 58.79 5282 144 6 92.96 57.36 47.39 0.7

P SIS B ol 0, B DR TE S 4 e
ZURIM B LU S, LRI T 3 KA AH
AR A, BB LU s it B
PRI, IR A2 R AR s SUARTE s = A2
[R5 B D) VR S B PR L, AR et /s
(1) BV ZAA, IR LR DL v ik B 1) ) TR
N T BBCPE 40 11 25 T 25 A N S AS e 43
PR LIETIETE o S LU 25 A R AR B
AT LB Z DL 2P e, e S0 T
28 IR FRTOR 1 Ji 245 7K 2 Y30 11 e A2 28 gt R A0 2 i A
350~450 r/min, JH:HF 450 r/min (R E LERL
F LT
2.6.4 PREEETIERIZIEERCR IR DL AR K
FZRART HEA LB T (R R U R A 4 2
BRI, TR SRR T B LA, SRR
B (]2 R B — AN R . RIAER T 25
WSINER 1.25 g/L, ZUEER NS 40 °C, PRdi
TERER 450 t/min PGS, dE— 202 SRR [R) %

FH S50 4 0 B el 0, PRSI [R] ek i Bl R
S0 BUE O (B R AT R B R IR o PR A I
[ KKL, AR T 2B AT, 5
BN IAT AT 5y, BBCRASEIAL DB+
B IR RE K, DT B PRI AN 2R R K e T 49
BTV T 2 Z4mRE, (15 R B AR 22 .
PR 25 U 290 AT RRR70 F OR B 30 B o i) 2%
Bt DL R 2 B ST, e SRME FH T 2B TR I
Ji 2 KB P e R BRI (R h 1~3 min, JLrp
2 min (R ERAEIN [ 2R AR AL EL AL
2.6.5 IEACIREG W 2 BT SIS LA N 2R
IR R = AR LB O R I R R 05, i 2R
BAHR (A, ZUEHRE (B). PBEE (O,
PRI 1] (D 4 A DRI ZE 0 5% M 76 SRBl SUBE R R I
TR, ARG AT IE ARG R X 4 AR
Pedfr o SRS FE PSR I E 4 50 r/min,
PSRN A B8 A 10 mine Bt IEASIRE, 4555 0
*5~17.
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Table S Design and results of orthogonal test
P AlgLl") B/C  C/Armin') D/min  ZFHEOFEMRME%  EAFTLERE%  BIRLERE%  BE/NTU
1 0.75(1) 30(1) 350 (1) 1(1) 90.81 52.94 44.80 13.9
2 0.75(1) 40(2) 450 (2) 2(2) 98.14 50.15 50.63 213
3 0.75(1) 45() 550 (3) 3(3) 96.65 50.47 59.84 25.7
4 1.00 (2) 30(1) 450 (2) 3(3) 93.67 58.96 58.28 0.7
5 1.00 (2) 40(2) 550 (3) 1(1) 90.44 58.33 60.74 5.5
6 1.00(2) 4503) 350 (1) 2(2) 92.11 60.42 62.29 4.6
7 1.25(3) 30(1) 550 (3) 2(2) 89.32 62.58 63.49 1.9
8 1.25(3) 40(2) 350 (1) 3(3) 88.92 62.96 67.19 5.0
9 1.253) 450) 450 (2) 1(1) 89.32 62.58 66.27 20.7
F6 EMNHH
Table 6 Intuitive analysis
o B YAy SRS HAFLEGRE L79/ PN M
e A B C D A B C D A B C D A B C D
K; 285.60 273.80 271.84 270.57 153.56 174.48 176.32 173.85 155.27 166.57 174.28 171.81 60.9 16.5 23.5 40.1
K, 276.22 277.50 281.13 279.57 177.71 171.44 171.69 173.15 181.31 178.56 175.18 176.41 10.8 31.8 42.7 27.8
K; 267.56 278.08 276.41 279.24 188.12 173.47 171.38 172.39 196.95 188.40 184.07 185.31 27.6 51.0 33.1 314
R 18.04 428 9.29 9.00 3456 3.04 494 146 41.68 21.83 9.79 13.50 50.1 345 19.2 123
Fx71 HBENH
Table 7 Variance analysis
Sk *2‘%&&%%%1 _ %El)ﬁ?&ﬁ%?ﬁ _ ﬁi)ﬁiﬁ%i _ /E}E
WM FE EEYIIM FE WZEPTIM FAE EEYITR FAR
A 2 54.269 15.100 209.554 590.293 295.546 15.140 433.460 16.259
B 2 3.594 1.000 1.598 4.501 79.682 4.082 199.220 7.473
C 2 14.385 4.003 5.104 14.377 19.521 1.000 61.440 2.305
D 2 17.364 4.831 0.355 1.000 31.402 1.609 26.660 1.000

Fo05(2,2)=19.00 Fo01(2,2)=99.00

HRHE 22 R L38Ok B 1R 43 At S 7 22 93 i vl
A, AR IS AN AT B, &R FO
RN A>C>D>B, HAREAN A BCoD;;
AR 2 11 0T 22 B 3 (10 B A0 AT o 7 22 A0 AT ml . A
PR S BAT R B 2, HREERYARA R
FE SHEEXNIGEMERY A>C>B>D, it
FEBCA AsB C Dy s AR #5025 B 2 (1) B 20 B e 7
ZEOHTR SR, S EN TR AR B, &
RN YR ) A>B>D>C, fHfEH4m N
A3B3C3Dss MR v I BE 18 B A1 S 7 22 53 Bt
A, S PREN g A BAT BN, SRR
HgmBE N ASB>C>D, RMAEHEN

A,BCiDso

ZE4r Ay By C. D 4 MR 2SR R )
md, IEACIRIGIEE 8 A BESAL, M1 e B
N 125 g/L, SRR 40 C, PRBEHE N
350 r/min, FRAEIE K 3 min, 1EHEE A 50 r/min,
MBI 10 min I EBERCR BT 7EI%41F F ik
PRS2 28 Fe O R B 2 il 88.92%, B2
PR IS 62.96%, WU LA RIS 67.19%, #
WIS 5.0 NTU. EMEAEZRTESHT,
I3 BIAEAR RSB0 4 1 N REAT T 3 MR E S
UESEE, 2R WK 8.

3 g

T ok BT 0 2838 PRI 24 /KPR R 4%

AL T R I, R e SRR R SR A 2kt
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Table 8 Validation test

ok RO F(wgmL™") FELFE EAFAugmL ) EAME  B/(wemL)  E5LER BhEE/NTU
K HifE RER% KR stk BRE% K sitkE /% KB 4k

14k 788733 69.862 1 88.58 440.581 0 164.603 4 62.64 367.0 122.7 66.57 >200 5.8

24t 77.8409 70.009 0 89.94 438.8827 166.279 3 62.11 377.1 123.8 67.17 >200 6.2

3L 782047 69.6907  89.11 4394637 167.3966 6191 3643 1351 6292  >200 7.1

FIVR IR 1.25 g/L, ZUBHEEL A 40 °C, HRETH 1991.

9 350 v/min, PRGN 1A 3 min (LA, 4y (4D SREEL BE T8 0 B BB 2R

B Al 5 I 2T P A RO e S FE IR B R
88.92%, AR 2 BRE 73 Hh 62.96% A
67.19%, ZUELG25W0FE 24 h J5 %k 5.0 NTU,
TEL A BN DR B Z B s L, BORFR BE )
R T RGBT A Y, 2RI FE A
KR A W R 4R T DRI S SRB 1 Ay 2k
3 38 Al Ak 1 48 38 BBk S 24 K S L AT B ARk
R BLS 2R T ARUR R A R AT &
0 S5 DL N 2V R e I A R B e e, 4R
T IR 2R 2

S 30k
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