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Optimization of Inorganic Ceramic Membrane Filtration
Process for Tea Enzymes

LI Chunyan, WEI Fuxiao, WANG Yu, ZHANG Chaoju, XU Tiantian, WANG Daoping"

(Natural Products Research Center of Guizhou Province, Guizhou Medical University, State Key Laboratory of Medicinal
Plant Efficacy and Utilization, Guizhou 550014, China)

Abstract: In order to enhance the clarity of tea enzymes while maximizing the preservation of their functional components
during the clarification process, this experiment utilized tea enzymes derived from summer and autumn tea fermentation as
the primary material. Through both single-factor and response surface experiments, the effects of inorganic ceramic
membrane pore size, transmembrane power, transmembrane pressure, and transmembrane temperature on the content of
functional components, membrane flux, transmittance, and soluble solids content of the enzyme solution after membrane
filtration were examined. The objective was to determine the optimal conditions for ceramic membrane filtration of tea
enzymes. The results showed that, the ideal conditions for ceramic membrane filtration of tea enzymes were as follows:
Membrane pore size of 400 nm, transmembrane power of 47 Hz, transmembrane pressure of 0.28+0.02 MPa, and
transmembrane temperature of 15£2 “C. Under these conditions, the retention rates of tea polyphenols, theanine, zinc,
selenium, and soluble solids content in tea enzymes were 95.28%, 82.91%, 90.48%, 91.67%, and 84.46% respectively.
The transmittance reached 85.10%+0.12% with 2.5-fold improvement compared to before membrane filtration.
Additionally, the membrane flux achieved 123.25+2.68 m’/(m*-h). These optimal conditions not only maximized the
retention of functional components in tea enzymes, but also ensured their transparency and uniformity. Therefore,

employing these conditions for the filtration and clarification of tea enzymes was a viable approach.

KA EEE: 2023-04-19

EE&WB: M AAGHRIM e (%A4 145 [2021] —4% 125) 5 %M A ARG R A (BFESIRA [2020]4013)
TEETIT: FA% (1989-) %, Mt SRR R, HF 7 61: Re 5 25 S 47, E-mail: 1251585306@qq.com.
*EEMEE: ZET (1979-) , B, 48, @IBFE R, AFA 5 @ R da 5 25 5547, E-mail: WDP-7897@aliyun.com,,


https://doi.org/10.13386/j.issn1002-0306.2023040166
https://doi.org/10.13386/j.issn1002-0306.2023040166
https://doi.org/10.13386/j.issn1002-0306.2023040166
mailto:1251585306@qq.com
mailto:WDP-7897@aliyun.com
mailto:WDP-7897@aliyun.com

%458 % 4l ZEARE B R IR TOH LR R g T2 - 181 -

Key words: tea enzyme; inorganic ceramic membrane; filtration; process optimization; tea polyphenols; theanine; retention

rate

VX P ORIERE F A M . S U A $ vy
PR EVE RS A EEAEH . SRS
PAINERN T R . 5251 VI IR e
(Wi = | mhde ) TS TR | AL E TR (R | %
ULIL | SERBEZRER) 45, (A Lo VB A — e R
R AR E N, T R TP DU e AR
1b, HESEEEZR O R, SR AT T
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P2 E RS M S P UBER B35S, i, B ot
S MITCH LK BT (bR RS, T . AN AL
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400 nm) L PESE AT R R BRE BT (AE . /R
) FATCAR AL, B R AN T RIS SR i =,
FIBHZ T IR 5 SEE Tk b A= BRI AR SR FHAS
[FIFL A% B4 ) Y X IR it S Bk A A T fe A A -
HA T v, X IR S A R I TIRE Ay
SR FLE R AT EEIE Y S T R, e
AR B LA R B S A, e 2B O T Tk A=
77, XoF SN RUXI SR ST K A5 2R Tl Ay ] fe2 &
HAA EmE AR X
1 HREH%

1.1 MRS

HERKAS 2021 45 9 F R4 T 50N 4 1 T KUK
HH U, 45 RSO . it B oA b
W WSE RN LD Rh S0eEE A S|
Fls L-Z520% (DST211028-021) . Z5£ 7 (DSTDCO013
001) EPEEARR Y HARA B F]; 25 . ARARIER
W (1000 pg/mL)  [EIZAG (4 @ K 48 Aril
e AR . AR GR, FZ54ERb2ERF A R

INE] Il GR, BT b THAR () A BRAF; =
TR . BRI A AN . WEIR AT | Bl Ak . T A
FREPEN AR, RATTTRME MAb2# AT BRA A .

Cary 60 £¢4hn] WAy 6T S ELHEIR A
H]; Prodigy XP HLBGHG 5 & T R IDGIE L Fl2
BHE A BRAF]; AFS-2100 XGE R 72266 db
WG AL A5 A3 R 4 7] 5 BONA-GM-22 Fij % 5 i
VESZ ML [CT-30-300 TEHL B 2 BE 20 nm (I 4 5 -
12200125) . 50 nm(fi#4i5-: 05112073) ., 100 nm (&
5. 01081062) . 200 nm( I 4% 2. 07282049) .
400 nm (I 452 05272176)] K BF 30 cm, i pE T
F10.07 m?, 3EIE 19 -, il HAE 4 nm, IR EY A
YIEHEAARR A
1.2 RMEzRLE

21555 PR e TR 8% %« e RUIXT B A 52 BK S - TRE M
7Kk=10:100:1000(m:m: V) [y FL @), Se¥isK &8k, fin
ANB KLU T 85~90 °C /K545 20 min, 1B E4E
ARSI, F2 LU AR K, TR 5T 5 532 5]
=i, £ 500 mL 2 A 300 mL BEZSK, A4 R
ACEFL, P T RTEEE, BRI E =R, A 15% £1.2%
PRERAR, T 30 C fHIRFEFRARRTFE 15 d, A5,

eI EE A5 FEAS /K EL 3%, FRESURE N 5T 28 Y
SRS, A2k, 1240 20 min, 1338, JERIINA
B 10%(m/V), $EPEE S I, WAl B =R, 36
JH 40 L/50 L, 550 15% L 25F W, B TIEIR A BEE
N, BB 15 d, REREEE 302 C,
1.3 FMERELETLZ
1.3.1 PARERSCE  ARSURIRFESEESFLAE . D)
R R Ty L ok BRE R X A PR B A A i, S
JEREFRWGE R BB . DIRE L& 52
1.3.1.1 LHLMEZEREFLARTEB A E  BEhR
40 Hz, & 10~20 °C, £ 771 0.35 MPa, DIEFLIE N
R FE AR =, 43 5 7B g B FL4E 20, 50, 100, 200,
400 nmXeF A5 2R ol IR e, SRS R R GE R
FEEY) & i . DIRRR S5 52
1.3.1.2 YR EE [E e BEFLAR 400 nm, iof f&
JE47 0.18 MPa, S BEEIE 10~20 °C, LAt EL) 3
KRG, 53554 B3 30, 35, 40, 45, 50 Hz
XA PR B A I i, il RS R GE Y GR  [EIEY
B DIRBILST & R
1.3.1.3 HEEFE  EEMRSLIE 400 nm, i3 JE
TR 40 Hz, i IR EE 10~20 °C, DUEIEE F7 0 AN
HAS R, S gad B E J7 0.15, 0.20, 0.25. 0.30,
0.35 MPa X5 iz 22 o0 I &, oI55 1 38 Wt
| [EIEY) SR DIRERLS S L
1.3.1.4 SRR BEZEE [FEEMRFLIE 400 nm, i %
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IjZ 40 Hz, IR 7 0.25 MPa, DLk ByE 5 g sa A
AT &, 45 P B IR EE 10~20 °C. 20~30 °C.
30~40 °C. 40~50 °C. 50~60 °C X Z55 - % 22 i i am
B, SRS PR WGE R . BB &R IR
Al

1.3.2 W RS BT s X R R Y RS 5L,
[E %2 400 nm FLAE A B BN, DA RT3 (A) | 2 i
FEF1(B) « 3RS (C) N F AR, PRI IR =22 B i
JEAEFRAG T RE A4 AL B T 1 Al _L 3RAS Fe Ak
SR, aE PN LG RO IgE, T RERNETI AR
F P DIRE LS5 B s K AR B T DA N T 56
T DL B 5 9 3R Y63 A W AE, 32 FH Design
Expert V8.0.6 F A4 #E4T — P 2 — /K21 56 142
P, S EE R T e T 2R FE KL 1.

R M EERBGD IR T 2w w6 R =K
Table 1 Level design of experimental factors for optimal
response surface of tea enzyme membrane filtration process

A R B (MPa) | CRBE(C)
-1 40 0.25 10
0 45 0.30 20
1 50 0.35 30

1.4 IBUIEFRNETTE
1.4.1 =W, R SENE % H Uv-vIs
PR RE, B2 W o E 2 0 GB/T 8313-2018 Z%h
HH Y ZR 2 B AN LS RS B m ARG S & 2 a2
Z: 18 GB/T 8314-2013 %X JiFES LR B e AT AE o
1.4.2 BE W SEINGE Tk B S B vk
BEI SE 22 B GB 5009.14-20174 £ 5 22 4> [H R AR AE
B TR I E DA s Al A 2 B/ GB 5009.93-
2017 CE e A E SRR HE B s a i e Y —k
1.4.3 BOEEDE L FEEE SR AR,
A RS T AR A 20 A A e e, DA T 3R, ARG ie
FIFE3 Ay A PRV Aot U ) R4 i )
\%

T Axt

o T AIEEEEE, mY/(m*-h); V i 2H 5
FIAREL, m®; A SHIEE RO, m?; ¢ ERVERTTE], he
L.4.4 3R nEMHEEDEY) & I E T Ek
SRIM 5 7R3 FHER AT WLASEERETTAE 625 nm Ab
M.

TP D 4 B e A T v P B — e AR ALY
et iEER F2E R M, TS (105 °C, 5 h) T
BET, TS AR Y i) B B S nT s R S TR 00
T,

1.5 HUEAIE

T A S B Y A 3 vk 2 G A5 SR T 1
{H, >R JH SPSS Statistic 17 #FF7 B 2 ik 2 150 #7,
Design Expert V8.0.6 3 ) i3 47 mim 7 17 32X 56 25 Hi

G0

2 HBRE5SH

2.1 BERIEER

2.1.1 ToHLFEENRFLAEXT S uE R 52 m AN [ FL
BT LB BT A I R G i | iB6R. BFIEI&
. DIRBRA-E i nyszm DLIE 1 FI5R 2.

ZRZW it (mg/L) = R i (mg/L)
=R =R
[R=EN [Z=EN

a

s *
1000 ; —O BEHE (mg/L) -0 fif§ (ug/L) 12
a

b
ab Y
ﬁ;ﬂ 800 | Da |
& ,
= 600 & ﬁﬂ
ESS 0.6 &
& 400 a e
N
R 03
% 200 L
L oo
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ANTFALAR B e R
BT TR LARS P R T B 2 1 R N RE L 3% et (n=3)
Fig.1 Contents of functional components of tea enzymes
filtered by ceramic membrane with different pore sizes (n=3)
E A TR]/INE B 307 BE R B 22 5 3% (P<0.05) 5 5] 2~
&l 4 [,

2 RNFEALAR B BN U85 28 R A L LR
AEPEREIEY) (n=3)
Table 2 Membrane flux, light transmittance and soluble solids
of tea enzymes filtered by ceramic membranes with different
pore sizes (n=3)

SRl BEEE[mY(m>h)]  BERO%)  EMEEEY (gL)
I - 49.10+0.02¢ 95.67+0.48°

20 nm 32.66+3.73¢ 94.94+0.99" 78.79+0.36°

50 nm 43.10+2.63% 88.79+1.94° 83.45+0.20°

100 nm 49.88+2.33° 87.91+0.38" 82.96+0.48¢

200 nm 88.16+2.07° 79.18+0.13¢ 84.81+1.12¢

400 nm 142.86+1.80° 80.11£0.18° 88.42+0.21"

0 R EOE 22 5 .35, P<0.05; #63~35, #8[F.,

& 1 AT, SR ZE P 4 FhIhBEME i &
e g, FLAAH [ B B I LA R 8 R, THRB I 432
WA IR . X FAZ2m& &, R4S 400 nm 20
A, 20 nm 4 F EERAR, B3 (P<0.05) I TR
W5 400 nm ZH; X TAS 2R & &, R 4H . 400 nm
2H.. 200 nm ZH & Eersr, 20 nm £H . 50 nm £H. 100 nm
ZH B HR AR, B3 (P<0.05) KT 5 4H . 400 nm 2H .
200 nm £H; XF i, JR 4 . 400 nm £, 200 nm
HE E B, 20 nm 4H . 50 nm 40 & B2 &K, B3
(P<0.05) K T B £H . 400 nm #£H . 200 nm £H; %} T
fEr i, R4 & B w, 20 nm 41 & AR, B3
(P<0.05)MILF M . BHIt, #%E$8E 400 nm G/ P HE
Z IR A DR . 3R 2 AT, BEAG B &
REEFLAR A3 R, RGBT G . nT s D &
WA NS, RS GRS, 51
BEHRFLAR IR S B R WGE Y CRAE 79% L L, ¥k
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SEPIE TR, Z5 B IIBR Tk A = A ok, 1R
400 nm FLAZS YEA R B HAN S IHZE . i
FLAEIG IR, FLEBR B WK, ALY ST, AvrEad s
T L, FEIIREs & A rEETE Y S
I BUAb, $ AR LA Sl N BRERE 7, TIRERE Sy
B TR, I 1) TS 22, R R, iR
I/ NP

2.1.2 PRTIEX S PERCER AR A BT XS
MR R I | 3B BRI S AL DIRER T S
A2 L] 2 FNEE 3.

s A5 2 (mg/L) e RER & & (mg/L)
-o- B (mg/L) -0~ il 5 & (ng/L) .
d

1000 ¢ 4 c b . 12
Efl:k 800 loso
& !
i% 600 Jﬁ
#* 0.6 &
%?; 400 | i
{03
% 200
0.0

30Hz 35Hz 40Hz 45Hz 50Hz JRW
AN e BBy 546 Bl Y
F 2 ANRDIE 2 BRI & & (n=3)

Fig.2 Contents of functional components of tea enzymes after

filtration with different powers (n=3)

3 OR[FBAR G UE S R T A B
AP ETEY) & 2 (0=3)
Table 3 Tea enzyme membrane flux, light transmittance and
soluble solids content after filtration with different powers (n=3)

SEEA R/ (m>h)]  EER(%) AR SR (g/L)
T - 50.73+0.08¢ 138.49+0.09°

30 Hz 98.18+3.62° 69.44+0.17° 127.23+0.65°

35 Hz 102.86+2.61¢ 75.95+0.24° 127.29+1.50°

40 Hz 115.71+1.81° 81.05+0.86° 129.11£2.61°

45 Hz 115.71+2.82° 80.30+0.88° 133.76+1.04°

50 Hz 137.14+4.84° 82.61%1.69° 132.46+1.97°

FH & 2 AL R 4 FRohRE R0y S B,
Bifi 5 3k BT 3 ) A8 Ak, TRR AL 19 & et & A 5 AR
o XFFR W&, RS Eho, 40 Hz 407
B, 45 Hz 20 & B ik, 35 (P<0.05) Ik T-H4y
B2 X T AR O i, SRR A S R, 45 Hz %
HERK R, 30 Hz 4H & 5 AR, 35 (P<0.05) fIRFH Ay
Bl X, R S i, 50 Hz 4. 45 Hz
ZHF EURR, 40 Hz 4 & E I, 0 3% (P<0.05) Ik F
JEURZH . 50 Hz 20 . 45 Hz 4H; X Tl & &, &A%
SN, UEIH S R DA HEE AN R, Rtk 40 Hz
P2 22 S R B R B, 45 Hz PSSR & i
AR, 45 A 50 Hz BHEE S B B R e, Nt s )s
DIREA AT B KR B 0 4514 &, 40 45, 50 Hz X455
e R A AR E AR BB & 3 1]
S, B S AR 2R A R, S S BTG R, IR E T

FCEAAT S EDE Y2 O, 40, 45, 50 Hz
H PR BEICRIE 80%, B NFEsE s . HIt, ¥
40, 45, 50 Hz A/E R B3 m] o 25 |, 3l 2430
TR A B TR B B R T D RE LS5 #EIE
FDEHE R, BB A N T AERCRAR &, AR
T DI RE R S3HE 22, BANLRST[A] Y A A FREE 4 O,
JEGE BEHE T VAN, B BB R IR, LA (8]
BEBRAS /N, KT RA G830, RIaEaSwig e,
2.1.3 SRR IR uERCOR A S AR R XSS
PR G L BYCR . BB S E . TIRER S
FASZNE DLIE 3 FEk 4.

wmam 5B (mg/L) #oe Z55R & (mg/L)
1000 [ —o- bparlE (mg/ll) -0~ Mg it (ugL) 712
a
ﬁ 800 w109
= iz
w 600 @ - &
% : : - - 0.6 &
3%’ 400 & M %
3§ f; : o . D : 103
® 2000 B f5 — ‘ .a«.‘;, a
N (O
o LB ' 0.0

& & & &g
Q N N Ne Ng
A I R g i
B3 Ay i 2 R D RE A 35 B (n=3)
Fig.3 Contents of functional components of tea enzymes after
filtration under different pressures (n=3)

# 4 ARSI R A EER E  EER
AEPEFEIEY) & R (n=3)
Table 4 Membrane flux, light transmittance and soluble solids
content of tea fermentation under different pressure
filtration (n=3)

S Bl [mY (m*h)] EOER(%)  ARETEETE Y& (e/L)

B - 31.02+0.09¢ 128.3242.32°
0.15 MPa 72734423 65.80+2.12° 107.9442.26°
0.20 MPa 70.59+3.26% 72.11£1.32° 106.39+2.25°
0.25 MPa 72.73+4.16™ 79.29+0.98° 106.74+2.14°
0.30 MPa 75.00+2.65® 79.89+1.02° 107.91£1.85°
0.35 MPa 77.4243.62° 81.75+1.23° 110.46%1.65°

FHIE 3 AL R 4 B S RE R4y 1 Fr 2 e,
[ 25 o B 1 AR AR, ThRE L4319 & Bt R A= 35 AR
b XTTFHZMmE 5, R & e, 0.35 MPa 41
T EL R, 0.25 MPa 4 & e i, i 3 (P<0.05) I
THARAHE; X TRAR S &, FEBER AN,
Tt A o R R 3 HE W AN R P i, RO S
0.30 MPafH & i i iy, RS H S E2ZE R A WS X
TGS, IR 4H-S 0.30 MPa 4H & B, 0.25 MPa
HE5 AR, B3 (P<0.05) KT H W45 0.30 MPa
H., B, 0.35 MPa B 25 £ ) & &= 4 B R 5o,
0.30 MPaH &7 F & 8 B R i . R 4 vl Al
Bt A B R T RS TR, BRI 63 TR TR
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Yy, R R OOEH 0.25, 030, 0.35 MPa 41
B R WGBS CRER KA Z S A2, Hit, %/
0.25. 0.30. 0.35 MPa /i IR Syl o 434 It
B, FENG AR T IFE BN, 148 1, i it s 1)
I, BAATESTA] P9 A IR G O, T ARG &, AR
EEFEIIIER, PR Z (B SEBRAS /)N, R, $8Cs
Ty, B SRR M TEEDE Y S A B R
#aF o, AR Y Loizzo 58P ST 45 S H 4 — 34,
Loizzo MR i FHIRS B XA Femminello comune
VT HEAT T 5388, S5 R AE R _L i sl i R
FE 1 SO M EE Y & B AT 9, (AN R
ST AL G AR .

2.1.4 AR EEXT R uERCR s A BT X A%
MR R | 3B BT & AL DhRER T
FASZIR DLIE] 4 N3 5,

s S A (mg/L) s 24 & it (mg/L)
1000 1 -0- Effr i (mg/L) -0~ Al {5 5 (ng/L) 11.2

AN [ i R P i 3
Kl 4 RIRE 8 5 A B R DI RERLOY 3 B (n=3)
Fig.4 Contents of functional components of tea enzymes after
filtration at different temperatures (n=3)

5 N[N B S A R R L B
AR & R (n=3)
Table 5 Membrane flux, light transmittance and soluble solids
content of tea enzymes filtered at different temperatures (n=3)

Sl R mY (m*h)] BOER(%)  AETERIEY S (gL)

I - 49.84+0.08° 129.58+0.09°
10~20°C 88.10+3.35° 86.79+0.31° 103.28+0.15¢
20~30°C 113.2743.12¢ 80.73+0.64° 104.75+0.19¢
30~40C 192.86+2.64° 74.33+1.68° 105.15+1.58°
40~50°C 226.53+2.82° 67.65+1.65¢ 104.90:£0.68°
50~60C 257.14+2.61° 66.73+2.52¢ 105.74+1.32°

FH IR 4 AT, R 4 FhohEE R0y & B,
Wi =5 oL VR R 1 v, THRE Ly 19 & et 2 ks
P XTTR W E b, R4 & holess, 30~40 °C 4H
BRI, 50~60 °C A& AR, B3 (P<0.05) KT
JRWEZH AN 30~40 °C 4H; X FAS AR &, R 2l .
50~60 °C 4H&Hhfx iy, 10~20 °C 4B & ik, B3
(P<0.05) KT LAFN 50~60 °C 2H; X T4, I
WA . 50~60 °C 4H &, W35 (P<0.05) i T HAY
B2l XA, R . 50~60 °C.. 40~50 °C ZH+%

v, Hapfdd srmzilAa k. Hil, 50~60 C X
AP R D RE LA B AR BE RO A . AR 5 AT,
i 25 3 RS PR 3 RS, T 2R TR M BBl o . PV [T
Wy 5B O B HGE DGR B BRI P, 10~20 C.
20~30 °C ZHEF R MBI 80%, BN 54 T o
FEtk, ¥ 10~30 °C VE i b B 5 . A A
W BE T, BB T i, S0 IR 3R (T BE R i,
R EEREAIS, R 22 AV)Z AR, PATIRAAIR T AL BEL, AH N Hb,
PEE T3, SRR, L o 22, DRI
KW DIBRR & B, W S, nIE Y
TR, BRI NP
2.2 @M mEIREESR

RIEFLAE EL45 vl A, FLAE R 400 nm B}, 2%
TP 2 A R 80%, HL DI RE M43 B AH X R i 20
Fre s MRYE I IR R 2 L 1 AT, i B R N 40,
45, 50 Hz B}, ZSTEEER B CF M 80%; AR P A&
TIZ B RAT AL, S IR 728 0.25. 0.30, 0.35 MPa
i, S0 EE 2B EHRAIE 80% oAy MR YRIREE agsdh
AN, VR 10~30 °C B, 25 HBE 2B GRAE 80%.
PRI, S s B 7 | A R X 2 T 2R A
SRR —E MIFER, A SC B TEHE E ez
FiECRAE LT AT GEZ 945 B8 1 22 P g T8Ok
4y, BRI AR RS 19 3 E DR 80% 4 F T,
LA A 3 A 5ot IR T % (40~50 Hz) | 3o Il JE 7 (0.25~
0.35 MPa) . i IR EF (10~30 °C) N [ A8 &, i I8
P VR AZS R A R AL, 7 FH e 1 T - 2 s
ARSI TR 2 AR U T 2SS e IR L3 6 ik 7,
F13 6 A BTG G I 3 7N L
Y& T 2T B BIE R T 25590 o

6 WAL A 545 R (n=3)

Table 6 Test and results of response surface design (n=3)

S ALY (Hz) BidEE S (MPa) CRIBSREL(C) #63(%)
1 40 0.35 20 80.95
2 45 0.35 10 82.20
3 40 0.25 20 80.35
4 45 0.3 20 84.42
5 50 0.35 20 82.54
6 45 0.25 10 82.41
7 45 0.3 20 83.14
8 40 0.3 10 83.05
9 45 0.25 30 78.27
10 40 0.3 30 74.74
11 50 0.3 30 78.68
12 45 0.35 30 79.29
13 50 0.25 20 83.48
14 45 0.3 20 81.87
15 50 0.3 10 83.42

At Zoege M g I UG, fE A A&
P LI v OB Y E R (YY) SR RN AR, £5 1[5 5 05 72 R
Y=21.9298+3.7202A+147.3350B—0.3474C—1.5400AB+
0.0179AC+0.6150BC—0.0377A%—148.6000B>—0.0222C2,
R’=0.9148, Ui ARz 55030 & R4, oI AR
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Table 7 Variance analysis of regression equation

JrzEkIR SSCEJ AN DFCAHME) MS(¥r2) FlE PlE B

F5R 85.50
AT 10.19
B-i &S 0.028
C-i MR 50.50

9.50 597 0.0317 *
10.19 6.40 0.0525
0.028 0.02 0.9004
50.50 31.72 0.0024  *

9
1
1
1
AB 0.59 1 0.59 0.37 0.5684
AC 3.19 1 3.19 2.00 0.2163
BC 0.38 1 0.38 0.24 0.6466
A? 327 1 327 2.06 0.2111
B’ 0.51 1 0.51 0.32 0.5960
C? 18.35 1 1835  11.520.0194 *
5% 7.96 5 1.59
AL 4.69 3 1.56 0.95 0.5483 ANIE
gl 327 2 1.64
B 93.47 14

T P<0.05, 225 8355 P<0.01, 225 B3 R=0.9148,

BEFTAFHT AT . i 7 AT, JF 2588 P<0.0317,
S, BARH AT AR A B ;s JAUIITT P(0.5483 )>
0.05, ANk =5, 2 IHIZ AR R BEAR G-l T i) s i e 22

WG PAB SRS R R X R g sEME, —
I C @3 (P<0.05), ZKI C? B35 (P<0.05), i
B X2 I P 2R A T 2 A S a0 Sy - b Byl B>t
REE Ty B8 >5of R 7, ok o ek R o 25 I 1 3R P 5 i 458
Ko AT A BBERAT R 1% 47.17 Hz,
TR ) 0.28 MPa, 3 IR 14.99 °C, 7E TR 4%
T, 0Lz L i iEE S 6Rh 84.01%
2.3 BRI

e o7 TV R A 1) 25 i 1 2R e Ak el R SR
1, 255 2t A R, Bk S5 AE T Sh od IR g %
47 Hz, i IEE 7 0.28+0.02 MPa, i IR 1512 <C,
RIS E T 3 4, 159 2 B S A5l 3RS R HE
A 85.10%+0.12%, H2E TTNNE; 3 8 Wl A1, Fefk:
SRS IR S, B2 & SR B R 95.28%, 54
TR e AR B RN 82.91%, #ESr AR B KN 90.48%,
il 5 PR B R 91.67%, T T4 & s A4 B %
N 84.46%, iF R S IERTAH FLdE 1 2.5 4%, I
H4 123.25 m*/(m>-h) .

* 8 SR SRR IRy | BhE b LA, AN Y & AR (n=3)

Table 8 Changes of functional components, membrane flux, light transmittance and soluble solid content between the original solution
group and the verification group (n=3)
SIS A A S g A o WS o 5 B - 2 iy A L
S ARZB A E(mg/mL)  AREER S E(mg/mL) A E (mg/mL) (ug/mL) BEE i [m®/(m-h) ] (%) A PEEIE Y& R (g/L)
0
JEHAH 1133.27+0.52 271.86+0.07 0.42+0.26 0.24+0.16 - 35.36+0.03 96.49+0.19
Lt 1079.75+2.41 225.41+1.35 0.38+0.08 0.22+0.06 123.25+2.68 85.16+0.12 81.50+0.08
3 £ 100-105. |

AR HICH LR B R DB X A R 24T
RO, 45 AL BESR AR BEFLAE 400 nm
LI BEYI%8 47 Hz, 35 77 0.28+0.02 MPa, i il
BE 152 °C, TR T, 25 BER DI HE LS & ek
FA % AT PR DR & RO B 5>80%, i )G4 1Y
fEH>N 85.10%+0.12%. PR TCHLEG ZE BN T8
I SR R 2 AT AT Y, HAL AR AR A
R L RIETHE T, ARSI R Th 2 RR s>
I, L UE S IR MR R v, R TR, Ho A
ik oy SCIRIERAE, & TSk A ik, FrrEfL R
P AR A P e i T AR R, B B T 3
FiE, DRI IHG B e ) e SO R AR 2 i A A
FERYTT ]

S 30k

(1] 248 AT, AR F ol RirEi T enmall &
o= 5 & B T ik, 2018,44(8):224-230. [ YAN Min, ZHOU Yu,
HE Xiao han, et al. Optimization of clarification process of red
lemons juice[J]. Food and Fermentation Industries, 2018, 44(8):
224-230. |

(2] FmiE, #th, #iah, . ARRTEF T L agkasrJ].
AR5 A, 2017,38(14): 100-105. [ LI Xiteng, WEI Nan,
ZHENG Nan, et al. Study on optimal clarification process of paw-
paw fruit juice[J]. Food Research and Development, 2017, 38(14):

[3] ¥EE, 2%, 3BE, F AL RREFZLHRAI]
P o 25 ,2021,43(11):3121-3124. [ ZHANG Guolei, WANG
Jing, LI Junming, et al. Optimization of clarifying process of gin-
seng oral liquid[J]. Optimization of Clarifying Process of Ginseng
Oral Liquid, 2021, 43(11): 3121-3124. |

[4] BB Fotifm TS 548 R M), 7. PEEZT L HR
#t, 2021: 1-8. [ YANG Xiaoping. Tea intensive processing and
comprehensive utilization[M]. Beijing: China Light Industry Press,
2021: 1-8. ]

[5] b, RRE, B, F. BEAALEA[M]. b7 AeF Tk
dh pa A, 2022: 1-5. [ WANG Zhan, SONG Peng, CHEN Qiang, et
al. Membrane technology and application[M]. Beijing: China Light
Industry Press, 2022: 1-5. ]

[ 6] DIVAKAR S, PADAKI M, BALAKRISHNA R G. Review on
liquid-liquid separation by membrane filtration[J]. ACS Omega,
2022, 7(49): 44495-44506.

[7] ABDULLAYEV A, BEKHEET M F, HANAOR D A H, et al.
Materials and applications for low-cost ceramic membranes[J].
Membranes, 2019, 9(9): 105.

[8] SILIN M, THUVANDER J, WALLBERG O, et al. Purifica-
tion of sucrose in sugar beet molasses by utilizing ceramic nanofil-
tration and ultrafiltrati-on membranes[J]. Membranes, 2020, 10(1):
2-17.

[9] HAKAMI M W, ALKHUDHIRI A, AL-BATTY S, et al. Ce-
ramic microfiltration membranes in wastewater treatment: Filtration
behavior, fouling and prevention[J]. Membranes, 2020, 10(9): 248.


https://doi.org/10.3969/j.issn.1001-1528.2021.11.034
https://doi.org/10.3969/j.issn.1001-1528.2021.11.034
https://doi.org/10.3969/j.issn.1001-1528.2021.11.034
https://doi.org/10.1021/acsomega.2c02885
https://doi.org/10.3390/membranes9090105
https://doi.org/10.3390/membranes10090248

- 186 - £ Tl B4

2024 4 2 A

[10] FIKSDAL L, LEIKNES T. The effect of coagulation with
MEF/UF membrane filtration for the removal of virus in drinking wa-
ter[J]. Journal of Membrane Science, 2006, 279(1-2): 364-371.
[11] DORNIER M, BELLEVILLE M-P, VAILLANT F. Mem-
brane technologies for fruit juice processing[J]. Fruit Preservation,
2018:211-248.
[12] COSIO M S, PELLICANO A, GARDANA C, et al. Debitter-
ing of grape juice by electrospun nylon nanofibrous membranes: Im-
pact of filtration on physicochemical, functional, and sensory prop-
erties [J]. Polymers, 2022, 15(1): 192.
[13] Z2M, 55, FRT, F ATHAY BRFHETN S
RRELAEB AR R G T PR En TGBTR T F
Pk S, 2022,47(5): 60-68. [ WANG Yumei, LI Yang, LUO Ji-
ayi, et al. Study on the microbial changes in pickle juice before and
after filtration with ceramic membranes of different pore size based
on traditional isolation culture and high throughput sequencing[J].
China Condiment, 2022, 47(5): 60—68. ]
[ 14 ] UROSEVIC T, POVRENOVIC D, VUKOSAVLIEVIC P, et
al. Recent developments in microfiltration and ultrafiltration of fruit
juices[J]. Food Bioprod Process, 2017, 106: 147—-161.
[15] k&, HER, Zmm, ¥ LAR KRG OB B H &K%
H ARSI BAC AR (1], 2R T 2GR AL 4R, 2022, 30(5):
645-654. [ LIN Qingxia, YANG Junguo, WANG Lili, et al. Prepa-
ration of oolong tea water extract by membrane separation and eval-
uation of antioxidant activity in vitro[J]. Journal of Tropical and
Subtropical Botany, 2022, 30(5): 645—654. ]
[16] &, 4%, XM, . A Tad = Bt mEpidig
I HEH R A SAH,2022,47(1):61-69. [ LI Wen, XIA
Caifeng, PENG Wenbo, et al. Ceramic membrane filtration of cane
juice for brown sugar production[J]. Food Science and Technolo-
gy, 2022,47(1): 61-69. ]
[17] AR, 7 #0, B33k, 5. BEET IR A RAF Lk 7
RS e (1], & b R B Tk, 2006, 32(9): 140-143.
[ ZHOU Tianshan, FANG Shihui, XIA Yingying, et al. Effect of
ceramic membrane filtration and raw material ratio on quality of in-
stant black tealJ]. Food and Rmentation Industries, 2006, 32(9):
140-143. ]
(18] Kok, B &S, T, % RAUH RBERUEHH)L R 3URER
o T Z A5 (I, P 25 5, 2015, 13(9): 943-946. [ WU Jing,
TANG Zhishu, GU Chuan, et al. Refinement of aqueous extract of
Cornus offifi cinalis with inorganic ceramic membrane[J]. Central
South Pharmacy, 2015, 13(9): 943-946. |
[19] ki, ALk BH AL BRSO T LM I]. ZH
b K F 3 4R,2015,42(1): 12-17. [ ZHANG Yan, DU Xi-
angfeng. Separation and purification of tea polysaccharides with

membrane technology[J]. Journal of Anhui Agricultural Universi-
ty, 2015, 42(1): 12-17. ]
[20] ECHAKOURI M, HENNI A, SALAMA A. High-frequency
pulsatile parameterization study for the titania ceramic membrane
fouling mitigation in oily wastewater systems using the box-behnken
response surface methodology [J]. Membranes, 2022, 12(12): 1198.
[21] ONYEOGAZIRI F C, PAPANEOPHYTOU C. A general
guide for the optimization of enzyme assay conditions using the de-
sign of experiments approach[J]. SLAS Discov, 2019, 24(5): 587
596.
[22] REAE, LM, -0, F. R-RRESFEHEHEE
i F AR AR R B [T]. B 5 H K, 2019,39(6): 16-20.
[ ZHAO Yahui, HU Zhiwei, WANG Yiming, et al. High perme-
able flux plate ceramic ultrafiltration membrane was prepared by
spraydip coating method[J]. Membr and Science and Technology,
2019, 39(6): 16-20. ]
(23] LR, k=, RUedh, 5. BE RS & 2RI RIS
®’ T EAR ). & & A 4,2010020): 43-46. [ FAN Yuanjing,
MA Lingyun, XU Xiaowei, et al. Application of membrane separa-
tion for the purification of chlorogenic acid-rich extract from
Lonicera japonica Thunb.[J]. Food Science, 2010(20): 43—46. ]
[24] &%, W+, 244, F. RRERNGRL o0 TEMH
T, BB 5 &, 2021,42(4): 112—-116.142. [ ZHU Miao,
TIAN Qi, WANG Xinian, et al. Formulation process optimization of
compound beverage with Gastrodia elata, Momordica charantia L.
and green tea[J]. Food Research and Development, 2021, 42(4):
112-116.142. ]
[25] CHRISTOPHER P, MORROW, AMY E, et al. Evidence, de-
termination, and implications of membrane-independent limiting
flux in forward osmosis systems[J]. Environ Sci Technol, 2019, 53:
4380—-4388.
[26 ] 434k, R, F0F, . IR R LA et 3R
BT EAR L. & & T kA, 2021,42(11): 180-184.
[ YANG Wenyin, ZHAO Shiming, ZHANG Xiaotong, et al. Study
on the clarification process of stevia extract by small-aperture ce-
ramic film[J]. Science and Technology of Food Industry, 2021, 42
(11): 180-184. ]
[27] LOIZZO MR, SICARI V, TUNDIS R, et al. The influence of
ultrafiltration of Citrus limon L. Burm. cv femminello comune juice
on its chemical composition and antioxidant and hypoglycemic
properties[J]. Antioxidants, 2019, 8(1): 23.
[28] ALI M. B, HAMDI N, RODRIGUEZ M. A, et al. Prepara-
tion and characterization of new ceramic membranes for ultrafiltra-
tion[J]. Ceram Int, 2018, 44: 2328—2335.


https://doi.org/10.1016/j.memsci.2005.12.023
https://doi.org/10.3390/polym15010192
https://doi.org/10.3969/j.issn.1000-9973.2022.05.011
https://doi.org/10.3969/j.issn.1000-9973.2022.05.011
https://doi.org/10.3969/j.issn.1000-9973.2022.05.011
https://doi.org/10.1016/j.fbp.2017.09.009
https://doi.org/10.7539/j.issn.1672-2981.2015.09.013
https://doi.org/10.7539/j.issn.1672-2981.2015.09.013
https://doi.org/10.7539/j.issn.1672-2981.2015.09.013
https://doi.org/10.3390/membranes12121198
https://doi.org/10.1177/2472555219830084
https://doi.org/10.1021/acs.est.8b05925
https://doi.org/10.3390/antiox8010023
https://doi.org/10.1016/j.ceramint.2017.10.199

	1 材料与方法
	1.1 材料与仪器
	1.2 茶叶酵素发酵
	1.3 茶叶酵素膜过滤工艺
	1.3.1 单因素实验
	1.3.1.1 无机陶瓷膜孔径范围的确定
	1.3.1.2 过膜功率考察
	1.3.1.3 过膜压力考察
	1.3.1.4 过膜温度考察

	1.3.2 响应面试验设计

	1.4 理化指标测定方法
	1.4.1 茶多酚、茶氨酸含量测定方法
	1.4.2 锌、硒含量测定方法
	1.4.3 膜通量测定方法
	1.4.4 透光率、可溶性固形物含量测定方法

	1.5 数据处理

	2 结果与分析
	2.1 单因素实验结果
	2.1.1 无机陶瓷膜孔径对过滤效果的影响
	2.1.2 过膜功率对过滤效果的影响
	2.1.3 过膜压力对过滤效果的影响
	2.1.4 过膜温度对过滤效果的影响

	2.2 响应面试验结果
	2.3 验证试验

	3 结论
	参考文献

