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72

ARG T LR TR G4 60, JF A SR AR O 18 6L
% (confocal laser scanning microscopy, CLSM)(Carl
Zeiss, TEE) LI 20 AL 3 A1 o e BRG] & 156 B 5 15
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KB EHGETEAR L. plantarum AR R P
FEGRE T o 4 52 A ORIRE i B T BEIREh 2% 1l (PBS,
pH{H 7.2~7.4) 1, 7l A V€ ¥ i (100 mg, 10000 U/g),
TE 37°C F7Kfi# 30 min, DL e 40 BB B L I AE ) 5L
Friwe B, XK TR 10 f5RRE(10°~107),
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R Bt —25 Wi K it 1 mT v v AR B, BN JE DATE
T G T ) R e 45 A A S 0

S5, FRAE IR E] S5 Ve B b AR 1) s 0 i
BE(EI3(c)) o i EBEFKRIEMTE 20 7 17°, 20°, 22°
F1 24°4b 06, 7E 20=5.6°40 H B /NI %6 2 B TS5
i B A HRAE, 20=20°02 V T4k b B A ARAE, DR Ok
B ELAE RV TR BV L, WAL A B K A I 1]
KA B AWES, e ARG . Hoviin
SERREN 27.1%, WA TR 7K R ] A REA , ARG 45
B, s A S Bk WieE 5 | TC 2 T X BEIR; H 260=13°
A P D T TSR 5, R /K M SRR 2K B TR R ORTE
W3, B H R ) S B, ok S S BB A L LI E
773 H 4, R S B E, TR VORI,
X5 (R A BT 45 SR AR — B, BARBOIE SR K A=
O, (HHE M BE A AR W R K s N B B
[T K B A RS R SE R IAAE 20 Ry 150, 17°, 18°
1 23040 I, e L A B4 S AR AECT, R T
%2 FIUERIE A TG, Welsr TR A 7K A sf 1] & Az 1
RS, (R X2 b B2 B 2 TR /K gt ) () 2 RS 3s K e
WA X TR PO, TR T i e R IeE
T . Z= LR EE i DX, K L IO BR AH G 35085 1 i X
AT 5 i DX A 5 o v 14 o5 s (B % 45 ot )
FheEr . TRIEE, PR = A A o B i B S W AE IR+
1 AR T HES, T RET B R TR A, i — 4 Bl
K TS5 BE(E . B KA R RE A, fRAKSEU) AT
T A B TE AT AR X, (s 80 P45 A DX sk 5 A i IX
ALK FiA e, T30 B T B

B Je, A 56T S K U A3 R 2R 11 i A A A T
PEEAT AL ANEIER I (K] 4) o JEIE R TE 3600~3300
em b2 BOFIE HLTE S A, XM O—H 1
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PR3, 7E 1020 cm' 4b, 38 H 5 C—O 4k shAH G,
FL e T FER Ty C—O0—C i, R 20T 22 8] Y
4. 1080 em™ H#H 5L E T X A C—O #iR s
Ko 1156 cm ™ b Y I H 5 C—O {1 4 9= ) O H:
J= C—O—C HE) M, ML T VEM 77 P 1) B BE A1 2%
FRFAE . 1240 cm ' (C—O 1 45 Ik 30 ) Ak 1 163 5 5
C—O B, KB T JEM T I BE L& Bk A, 7E
fiti—lR K A RS, 2 ELBE TORTERY . I B oK TE R
1Y 3 T K T by 2 I 5 R /K ff s 1) A ZE K, E 1020,
1080, 1156 F1 3395 cm™ A i W YAC Ug ik 85 34 53k, - L
FEAS NI R RBLUMIEIE S . 1X 42 I, TR ALK fiff b
PR UE A 1) S BEVE IR O T4l A T 2 AR AL
iz R, JE R O TE R AR WA T 3 C—O HE R
Sl SO S I SR B AR B IR TE o X — & R,
FETCE T X B AR SE A I, Rt 1) 8 ] R E BT 4
BN A T HILERE o TR K A B FL A B AR ) %o € A9
TE5H HA B, AR A S W (A o b 45
AH—, — Mok, 1047/1022 cm™ AL ARG B 54
JF 235 ¥ RN TG 52 T 5 44 1) LSRG, 308 O T
(degree of order, DO), 995/1022 cm™" i 718 s 74 SUIZ g
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Construction of novel probiotic carriers using starch—based micro—nano
composite particles

ZHU Qingqing"?, WANG Fan', HU Haohao'?, YAO Siyu', XU Enbo'*

1. College of Biosystems Engineering and Food Science, Zhejiang University, Hangzhou 310058, China
2. Innovation Center of Yangtze River Delta, Zhejiang University, Jiaxing 314100, China

Abstract Inspired by the natural three—dimensional compartmentalized architecture of honeycombs, this study aimed to construct a
hierarchical porous starch carrier with biomimetic protective functionality to simulate the "honeycomb—pupa" spatial model for the oral
biomimetic delivery of probiotics. A synergistic enzyme—acid co—hydrolysis strategy was employed, with amylose content and acid
hydrolysis time (0~96 h) as the key regulatory variables. Enzymatic pretreatment was used to induce pore formation and structural
deconstruction of native starch granules, while controlled acid treatment further promoted deep erosion and fragmentation of starch.
Multidimensional characterization, including SEM, DLS, {—potential, XRD, FTIR, and TGA, showed that enzymatic pore formation and
structural disintegration of native starch granules enhanced the accessibility of acid molecules to starch chains, thereby accelerating chain
cleavage and starch fragmentation, ultimately leading to the formation of composite starch particles with micro/nanoscale structures.
Amylose content and acid hydrolysis time significantly affected the degradation efficiency of starch. SEM and CLSM observations
demonstrated that, after loading with Lactobacillus plantarum, the waxy maize starch carrier treated by co—hydrolysis for 96 h
self—assembled into a micro/nanoscale network with uniform pore size and continuous channels, in which the probiotics were firmly
embedded within the three—dimensional compartments. The loading capacity reached approximately 10° CFU/g, which was about
1000—fold higher than that of conventional nano—starch carriers (~10° CFU/g). This novel starch—based carrier not only provides
probiotics with a specialized microenvironment featuring both a physical barrier and high affinity, but also offers a new strategy for the
microstructural design of naturally derived bio—based materials and the development of oral functional formulations for health
applications.

Keywords fine structure; micro—nanoparticles; live bacteria encapsulation
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