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Abstract: To investigate the transformation of wettability of phosphoric acid-treated pollen after treatment
with different reagents, to optimize the preparation of the wettability-transformed pollen sporopollenin carrier
system to find the optimal alkali treatment conditions, and to characterize its structure and surface morphology, we
first analyzed the wettability of the original pollen and the acid-dissolved pollen, measured the water contact angle
of the acid-dissolved pollen treated with each reagent with the help of a contact angle tester, conducted a one-way
test on the alkali treatment conditions that could transform the wettability of the pollen, explored the influence of
the optimization of the conditions for the preparation of the hydrophilic pollen sporopollenin carriers by using a
response surface methodology and the glycerol absorption time as the response value, and carried out a validation

and verification test on the process parameters. The process parameters were verified and validation tests were
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conducted, and finally the sporopollenin was characterized by FTIR and SEM. The contact angle test showed that
the water contact angle of pollen after acid digestion was 135.1°, which was changed to 16° after NaOH treatment,
and the contact angle of glycerol was changed from 140.8° to 9.6°. The best alkali treatment process was obtained
through the optimization of one-factor test and response surface method, and the final optimization conditions were
obtained according to the actual experimental process: the volume of NaOH was 105 mL, i.e., 15 times the volume
of pollen, and the concentration of NaOH was 1.5 mol-L". The stirring time was 18 h, and the stirring temperature
was 85 °C. Under these conditions, three parallel experiments were carried out to verify the wettability of Codonopsis
pollen and Lotus pollen respectively, in which the average value of Codonopsis pollen results was 58 s, and the
average value of Lotus pollen results was 49 s, and the RSD was less than 5%. The wettability study revealed that
pollen sporopollenin changed from hydrophobicity to hydrophilicity after NaOH treatment, and according to the
results of response surface optimization, the prepared alkali-treated pollen sporopollenin showed a significantly
shorter time for complete glycerol absorption and a better hydrophilicity with a water contact angle of close to 0°,
which is a reproducible process and a stable and reliable preparative process, and theoretically, will be more
conducive to the loading of hydrophilic drugs.
Key words: hydrophilic pollen sporopollenin; contact angle; one-way test; response surface methodology
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Figure 2 Determination of wettability of pollen after phosphoric acid treatment with different reagents. A: Acid treatment after protein

removal water contact angle; B: Acetone treatment after water contact angle; C: Dichloromethane treatment after water contact angle; D:

Anhydrous ethanol treatment after water contact angle; E: Sodium hydroxide treatment after water contact angle; F: Acid treatment after

protein removal glycerol contact angle; G: Acetone treatment after glycerol contact angle; H: Dichloromethane treatment after glycerol

contact angle; I: Anhydrous ethanol treatment after glycerol contact angle; J: Sodium hydroxide treatment after glycerol contact angle
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Table 1 Factor level table

Code Factor Level
A Volume of sodium hydroxide/mL 70 105 140
B Sodium hydroxide concentration/mol-L" 0.5  1.25 2
C  Stirring time/h 12 18 24
D  Temperature/°C 70 85 100
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Figure 3 One-way experiment and response surface results. A: Effect of sodium hydroxide dosage on complete absorption time of
glycerol; B: Effect of stirring time on the time of complete absorption of glycerin; C: Effect of sodium hydroxide concentration on the time
to complete absorption of glycerol; D: Effect of stirring temperature on the complete absorption time of glycerol; E: Response surface plots

showing the effects of different extraction parameters on the yield of pectic polysaccharide
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Table 2 Box-Behnken test scheme design and results

Glycerol complete

Number A B C L
absorption time/s
1 105 2 18 70 421
2 140 1.25 18 70 321
3 70 1.25 18 100 201
4 105 1.25 18 85 69
5 105 1.25 18 85 85
6 105 2 18 100 359
7 105 2 24 85 313
8 105 0.5 18 100 173
9 140 1.25 12 85 297
10 105 1.25 12 70 311
11 105 0.5 12 85 301
12 140 0.5 18 85 234
13 70 1.25 24 85 112
14 105 1.25 12 100 277
15 70 1.25 12 85 292
16 105 1.25 18 85 72
17 105 1.25 18 85 65
18 70 0.5 18 85 207
19 105 1.25 18 85 75
20 140 1.25 24 85 162
21 70 2 18 85 346
22 140 2 18 85 431
23 105 0.5 18 70 270
24 105 0.5 24 85 289
25 70 1.25 18 70 74
26 140 1.25 18 100 58
27 105 1.25 24 100 108
28 105 1.25 24 70 153
29 105 2 12 85 592

#1759 103.355 mL, NaOH ¥ & 24 1.227 mol-L™', #i #£: i}
[ 19.574 h, 5 FER E A 88.358 °C, H it 58 4= W i it
V6 FF) FRAE R 52.805 s 25 b8 ) S Bk 52 56 175 4t K% A
S A5 R, X B AT IR O, B A IR K
NaOH #4179 105 mL B£8R A FA 1) 15 £ &, NaOH K

FEN 1.5 mol-L™, # FEIS (8] 24 18 h, 4 #£ 1R & 4 85 °C.
TERE SR AT N 23 AT 56 2 A0k R FE A6 R 1) 3 IR AT
LIS ISR, H SRR 45 ROV (BN 58 s, i fEAE Ky
S5O N 49 s, H RSD 3178 T 5%, ¥t B 1% 5 v A
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5.1 SEMRIE Ak fik R MAK R T 1R A
o P52 S e VA A BB R, DR U A B A R R
fift J5 4685 < 1.5 mol-L" NaOH &b B J5 1685 . 2.5 mol-L"!
NaOH Ab B J5 468 R T TR S HEAT /0 b 25 SR a8 4A
B, BT LAE R TR AL 1S Ky 2 450 KR BUH L, 1X
B T AN EE R I R, nT R RS RIS .
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ANB, FERRALFE S, FEky 3 AP EE AT B 05 BRI (1 40
KAL, AT RER T KA A R b B A HARB KN R
AR T BT AR B B R R R R 2
KAV P LRI B R, R S 30 AR PR T R &
18 BAEA B AR v 8 22, B P IR T 1Y K, 3 3t
K 2 N BT A LA S 9OR ALY 2 FLAR AR K, T AT BE
15 L A BER B B AR 1 B 2

5.2 FTIRFAE 385k w5 HA I i 1 o 45 vl g0, 3R ik
EEAE N 2 B 7K 1] 578 K PR A AR (0 b R P A B
VRIS Bribz 4, B REA A R R R, N
FAETRAL B 5 4 2 40 2% 5 Re A1 A2 4k, SR A FTIR
X AN [ R BE AL B2 38 S AR AT Sr AT S e . A5 R
4B FioR, 4 AT %0, BE A& NaOH ¥R & 1 0.5 32 =1 &
2.0 mol-L™", 1 620 cm™ 4b ] COO A X} Fx fift 4 41 21y 1
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Table 3 Regression model and analysis of vatiance. n =3, x £s. "P < 0.05, "P<0.01

Source Sum of squares Mean square F-value P-value Significant
Model 4.99E+05 35 659.64 221.01 <0.000 1 **
A 6120.08 6120.08 37.93 <0.000 1 **
B 81345.33 81345.33 504.16 <0.000 1 HE
C 72 540.75 72 540.75 449.59 <0.000 1 HE
D 11 656.33 11 656.33 72.24 <0.000 1 *E
AB 841 841 5.21 0.038 6 *
AC 506.25 506.25 3.14 0.098 3
AD 38025 38025 235.67 <0.000 1 **
BC 17 822.25 17 822.25 110.46 <0.000 1 **
BD 306.25 306.25 1.9 0.1899
CD 30.25 30.25 0.187 5 0.671 6
A? 11 822.13 11 822.13 73.27 <0.000 1 *E
B? 2.41E+05 2.41E+05 1494.63 <0.000 1 wox
c 67 078.02 67 078.02 415.73 <0.000 1 *x
D? 11207.27 11207.27 69.46 <0.000 1 **
Residual 2258.88 161.35
Omission item 2 030.08 203.01 3.55 0.116 8 Not significant
Pure error 228.8 57.2
Total dispersion 5.02E+05
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Figure 4 The scanning electron microscope (SEM) and Fourier transform infrared spectroscopy (FTIR) characterization of pollen. A: SEM

images of Lotus pollen and Codonopsis pollen after acidolysis and alkali treatment at different concentrations; B: Infrared spectra of

Codonopsis pollen under different alkali treatments
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