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SRR T LR 6 5 M W R TR TR AL (i) e AT R R
AL RSO R TEE M (2 ~12 L2 TRMEKMHE
) 35 B g 9 45 T L3 3 L 2K A FE ST 10 REAT B F1 B P B 0 100 mL B
B S 45 4 G MR NI A 5 0, KSR BRPIIIA MTES TEOS FiT 15 mL 0. 17 mol/L HCI,
2 7 L L M BB AR A . BEHE TS B 0 15— 100 mL BRI A 5 5
ST B0 R R A U TR AT BRI HOR A 50 mL 2 5 Tk B4 T 5 4 v
WOFE 7 F5 2 T BB A B AL I R0 A 14 P bR P B I A T 02 0
(AT T KB b R B MR A 36% 5 RV BT A 60 2 W, B IR RS B E] 54 g,
TR 4 0 i B o RO B G R A AT RS BR T 2 B A R A 0. 22 pm B 205 5 i
R BRSO TR IR IR A 1. ELERRE e 1 o
S0 5 L S B 0 5 O T W BT N | L % 8 K P
L M T B M (RS R RO IC R . B T 1.500 ¢ KH, PO,, 0.268 g MgSO, il 0.150 g
SR AR AR 2 R, U 2 A S b CaCl,. ¥ 0.25 ¢ THEAF 1 mL PR, F
(TEOS) A1 3 = 7, S 3 656 (MTES) JERME Sy 37 °C F 57Kk (BT Bk 9 S5k B 17 5030 B 10 K
TSP L3 b M T RSB0 T B RERE RO )15 min 1. 750 0 6 L K950 BE R RO A 1
M. LT RS R T R BN T, BOBOATRE ) BEFEE A 100 mL AR ek
S X B 10 30 1 TR B TS DA BB .3 mL 1.9% K E HEC KWW, 3
ORI T M I (R 2 AR LA S mL T 0. 4 mol L NaOH 30 , FRERE R 3
S B B A mL 0. 4 mol L' NaOH Wi i1 AL 14k
- B AR I T B R BB K 1.5 x 10° mL ™ 470
1 S5k TRA AT N 6.4 x 10" " th 5 Ji 19 2 ¥ e
L1 s O e L 9 T 60 1 952 0 6 1L
P74 ke (TEOS) B MR B ((NH,),-  JRerh B0 BEAE, AT BLIA N 0 80 5 B3 100% {15
SO,) B AUEH (KH,PO,) BLAREE (MeSOL) Al 1T FHE I UMY A B 7/ BB M — 4 TR
SRS (CaCL,) , P BEAL T AT RS 5 PR oI 7 06 v I 045 2 o 58 IR0 7 1
2. RERE (MTES) RIS 2, 27 46 % (HEC,800  min P . 45 e 1 T 4 °C Jo vk AN 19— K
1500 mPas) , A (1) (LR Tk BIRATRR A7 Wik, WS 45 B e 7 T B 26 1 T BRI 1 om
WALy R, LSRR R R AR, TR R LS @R T R 3 K,
ALy T RERE, ZHURE R O AT A A TR A K RLE 10% JE AT 0T

Table 1 Recipes for the synthesis of xerogel powder

Sample® MTES (g) TEOS (g) Trehalose+2H, 0" (g) Glycerol (g)
TT15-0. 2 10. 948 51. 166 3.587 0.108
TT35-0.2 10. 948 51. 166 10. 966 0.331
TT35-0. 25 13.729 47.916 10. 966 0.331

*TT means trehalose template, the following number indicates the mass percentage in dry gel, the next number means the mole percentage of MTES
of precursors. For example, TT15-0. 2 means the xerogel has 15% trehalose template in mass and 20% MTES of precursors in mole;" The mass

ratio of trehalose: glycerol is 30: 1.
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Fig. 2 Pore diameter distribution of different samples
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Table 2 Pore structure of different samples

BET*® surface Total pore volume t-Plot micropore volume BJH®
Sample
area (m’g ') (em®g™') STP (em?g™') STP pore size ( nm)
TT15-0.2 697 0.36 0.10 2.7
TT35-0.2 800 0.44 0. 06 2.7
TT35-0. 25 767 0.39 0.10 2.5

*BET means the surface area calculation based on the BET theory which includes multilayer adsorption with the following hypotheses: gas molecules

physically adsorb on a solid in layers infinitely, there is no interaction between each adsorption layer and the Langmuir theory can be applied to each

layer; "BJH means the pore size calculation based on the BJH equation which is the classical pore size model of the mesopore based on the Kelvin

equation and corrected for multilayer adsorption.
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Fig. 3 Microscope images of the leak-free sample (a) and leaked

sample (b) of TT35-0.2
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Table 3 The uniaxial compressive strength of hydrogel and xerogel

samples
Sample Hydrogel o4, (MPa) Xerogel o3y (MPa)
TT15-0.2 0.71 9.10
TT35-0.2 0.42 7.13
TT35-0. 25 0.77 8.58
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Fig. 4  Statistics of the leakage of different samples
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ENCAPSULATION OF LIVING YEASTS IN MESOPOROUS XEROGEL
VIA NON-SURFACTANT TEMPLATING SOL-GEL PROCESS

Wen-tao Zhai, Ying-ze Cao, Xiang Zhang, Lei Tao, Yan Ji, Lin Feng, Yen Wei
( Department of Chemistry, Tsinghua University, Beijing 100084 )

Abstract Mesoporous xerogel has been prepared by a non-surfactant sol-gel process to encapsulate living
yeasts. Trehalose and glycerol are chosen as both the protective agents and pore-forming agents.
Hydroxyethylcellulose (HEC) ,an additive,is utilized to reduce the shrinkage of gel during drying process. The
encapsulated yeasts survived in the xerogel and maintained the capability to assimilate glucose. The relationship
between the yeast metabolic kinetics and the xerogel pore parameters was investigated. With tetraethoxysilane
(TEOS) and methyl triethoxysilane ( MTES) as precursors for reinforcing the material and transforming the
hydrogel (60% moisture content) to xerogel ( 10% moisture content) , the leakage of the yeasts is partially
prevented. Through the uniaxial compressive strength test,the strength of xerogel can reach 7. 13 MPa at least,
which is twelve times more than that of the hydrogels. According to plate count method, the concentration of
yeasts was about 1.5 x 10° mL ™" in sol and 6.4 x 10° g¢' in xerogel. Through the characterization of the
specific surface area,pore structure and the yeast metabolic kinetics, we found that the metabolic dynamics of
entrapped yeast was related to the pore parameters of silica matrix. The xerogel obtained by non-surfactant
process could have the specific surface area of 800 m”>g ™', the pore volume of 0.44 c¢cm’g™' and the pore
diameter of 2.7 nm. Under such conditions, calculated from independent samples without free yeasts,
statistically, the encapsulated yeasts can metabolize 89% glucose of the culture medium in 60 h.

Keywords Non-surfactant sol-gel process, Mesoporous silica, Living yeasts, Metabolic dynamics, Xerogel



