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Abstract: Objective The effect of critical osmotic pressure combined with subcritical flux operation on the reverse osmosis
membrane concentration process of Four-season Antiviral Mixture (JUZEHTi 4 71) was investigated. Methods The critical
osmotic pressure of the reverse osmosis membrane process of Four-season Antiviral Mixture was determined by freezing osmolality
tester, and the changes of the membrane flux and the content of active ingredients were detected. The pressure step method was used
to determine the critical flux of the reverse osmosis membrane process of Four-season Antiviral Mixture. The critical osmotic pressure
was introduced into the subcritical flux operation for reverse osmosis membrane concentration, and the effects of different operation
methods on membrane contamination were analysed. Results The critical osmotic pressure of Four-season Antiviral Mixture reverse
osmosis membrane process was 89.8 mOsm/kg, and the membrane contamination decreased significantly when operated below the
critical osmotic pressure. The critical flux of the Four-season Antiviral Mixture reverse osmosis membrane process was 15.61 L/m2/h,
and the membrane flux decayed by 13.9%, 12.3%, and 6.1% under supercritical flux, critical flux, and subcritical flux operations,

respectively. Membrane resistance grew the most slowly during subcritical flux operation. Combining critical osmotic pressure with
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subcritical flux operation can effectively reduce membrane contamination and improve membrane concentration efficiency.

Conclusion The combination of critical osmotic pressure and subcritical flux operation has been demonstrated to enhance the reverse

osmosis membrane concentration process, thereby reducing the degree of membrane contamination of Four-season Antiviral Mixture,

which provides a valuable reference point for the efficient application of traditional Chinese medicine membrane technology.

Key words: critical osmotic pressure; subcritical flux; reverse osmosis; aqueous extract of traditional Chinese medicine; membrane

contamination; chlorogenic acid; glycyrrhizin; hesperidin; phillyrine
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Table 2 7 determination and Y calculation results of

retained liquid

t/min  z/(mOsm-kg™) Y/% |t/min z/(mOsm-kg™) Y/%
10 70.1 85.87 | 100 79.2 90.60
20 72.0 88.17 | 110 82.6 91.30
30 71.6 89.45| 120 82.1 92.88
40 72.0 89.26 | 130 84.0 94.37
50 744 89.37 | 140 87.6 94.92
60 74.9 90.04 | 150 89.8 95.40
70 75.6 90.04 | 160 89.8 95.74
80 77.8 90.14 | 170 90.2 96.09
90 79.2 90.43| 180 89.9 96.29
T;D 100 | cop
e
E 60
3 0 30 60 90 120 150 180
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Fig. 1 Schematic diagram of COP
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Table 4 Correlation of membrane process flux and physicochemical parameters

pH 1A il M

Hgx

LR/ T i i

B
Y RURE BEN RS BEM BURE BEW RS BEM BURKE BEN KR RBEME RS BENE

MRME U)K GUR) MK CUE) MRttt GUE) MK R XM R MXHE R
pH f 1000 - -0233 0351 0.534" 0023 0876 0 0.670™ 0.002  0.864" 0 -0.891" 0
FI -0233 0351 1.000 - 0276 0267 -0263 0292 -0.210 0403 -0205 0414 0.199 0429
iy 0534 0023 -0276 0267 1.000 - 07377 0 0599 0.009  0.760" 0 =0.710"  0.001
Hg R 0.876™ 0 -0263 0292 0.737" 0 1000 - 0702 0.001 0.980™ 0 -0.976" 0
&4 0.670= 0.002 -0.210 0403 0599 0.009 0702 0.001 1.000 -  0.626" 0.005 —0.688" 0.002
T 0.864™ 0 -0205 0414 0.760™ 0 0.980™ 0 0.626™ 0.005 1.000 -  -0.966" 0
TSR R —0.891" 0 0.199 0429 —0.710" 0.001 -0.976" 0 -0.688" 0.002 —0.966™ 0 1000 -

*P<0.05 *P<0.01 F/RAE 0.05. 0.01 KF R, HAMEE.

*P<0.05 *"P<0.01 means at levels of 0.05 and 0.01 (two tails), and the correlation is significant.
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Table 5 Membrane resistance distribution in reverse

0smosis process

BLJ7404i 5 Rm/Ra/% RyRu/% RoR /% Ra/R /%
1 5.08 16.86 76.56 1.49
2 4.60 15.26 78.79 1.35
3 371 12.29 82.90 1.09
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BB R IR IE AR I RSD 23018 1.60%
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I Eo
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1-GHRRR: 2- TR, 3-BEE: 418
1-chlorogenic acid; 2-glycyrrhizin; 3-hesperidin; 4-phillyrin.

3 RAXERMA (@, #HiXm 0b). REFFERBPIHETE
(o REHEHMMXR ). REXERMEXNR (o). BRE
AERMEXRA () B HPLC &

Fig.3 HPLC of mixed control (a), test sample (b),
chlorogenic acid negative control (c), glycyrrhizin negative
control (d), hesperidin negative control (e), and phillyrin

glycoside negative control (f)

R “2.4.27 TUR 5kl 6 A, %
“2.4.57 TR B RESAREERENE , SRR, THE
FHOTEE I RSD . S5 RGEIR . H R
PR L B B B VR EE I RSD 233 1.77%
1.73%- 2.80%- 3.15%, FHIZSLKE LM R IF1s],
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P bR S B RS, B0 2.5 mL, BT &M,
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RS BRIRG 55 8% B R il v 55 5 ) 4 S R 0o TR it
Wi H BT IR S VAT PR B X R S VA TRORT I
T HE VAT, BRI S min, )45 R S
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Fig. 5 Membrane flux-pressure curve
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Fig.7 Rm-t change curves under different pressures
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