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Abstract: In this study, the physical properties of alginate (ALG)-konjac glucomannan (KGM) microcapsules and their protective effect
on Lactabacillus acidophilus CGMCC1.2686 (LAB), particularly the impact of KGM molecular weight were investigated. KGM fractions with
different molecular weights were prepared by enzy matic degradation. Mixtures of KGM with different molecular weights and ALG were used as
composite wall material to encapsulate LAB via the emukification/internal gelation method. The cgpsule mean size increased from 309 pm to
between 412 and 452 pm after the addition of KGM to ALG and the mean diameter increased with increasing molecular weight of KGM.
Compared to ALG microcgpsules, all ALG-KGM microcapsules showed greater mechanical strength, viscoelasticity, encapsulation yield, and
LAB survival rate in simulated gastric juice (SGJ) and bile salts (BS). Additionally, microcapsules prepared from intermediate-molecular weight
KGM exhibitedthe highest values for these five indices. Regression analysis showed tha survival rates in SGJ and BS positively correlated with
mechanical strength of the ALG-KGM compasite microcgpsules. In conclusion, mixing ALG and KGM enhanced the protective effect of
microcapsules on LAB, which inturn, was comrelated with KGM molecular weight.
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glucomannan
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IR £h- SN (PS): pH 7.0, BEIRA
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PR LAY 1) 2% L R A Ul B A S B SR S
BRI T, R IR A T . FRE—E
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Table 1 Molecular weight of KGM measured by GPC-MALLS
KGM KGM-0 KGM-1 KGM-2 KGM-3 KGM-4
B & L I(U/g) 0.0 0.1 0.2 0.3 0.4
FHHFFMw 8.11x10° 7.36x10° 2.04x10° 1.03x10° 8.03x10°
A RMG R B AN, FEH 3 MEgHs: W)
S-LA-ETRENERE. AN p-1,4-F R VERE AN B2 Wi iy
W2, ooy RMEEAR KGM [ R ZEE 3. R FHA )
P-LAFEERBEREN KGM HRi p-1,4- &0 HHE AR
YERL, & KGM DIHEIRVF2 Rtk . 1775 517
fESCHkh 2™ . hE 1 LA S, i\ E AR
I7 F AES LU AR 12, BRI KGM MGG 7> T 8.11x10°
RS 8.03x10°%, HALHA 15y 15 Fiohh B R B
Peo NXFEAD DA, K&H T BN
I T 48 KGM-0. KGM-1. KGM-2, KGM-3,
KGM-4,
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Table 2 Mean diameter and span factor of ALG-KGM

microcapsules

IR E FHpRARIUM EREE RA
ALG+KGM-0 4524542 1.2840.02°
ALG+KGM-1 4804352 1.110.06°
ALG+KGM-2 4894392 1.1340.08°
ALG+KGM-3 4724512 1.1040.08°
ALG+KGM-4 41249° 1.2240.05°

ALG 309422 ° 0.800.05°

R RPHAE AMEBT AR Z, n=3; a-bRl 7|+ BA KR
FEZ AN EFBF (P<0.05),

N 2 fn, ALG IR FEF kIR 309 um,
1] ALG HFR I KGM J5 , ALG-KGM fl i ZEfiifz 2
EIEINA 412~489 pm, {HANE 73§ & KGM-ALG 1l
IEHERRAE ER AR . FFEH, 5 ALG k%
L, ALG-KGM il IR FEKIAE 15 R AR 2410,
KGM 73T & Xt KGM-ALG 73 i (0] [rphr 2085 i R 40
SN AN 2 o Silva S5 ) FH P RFL A2 )45 5 2R e
%, [FFEREI T E R RAS AR AR B2 R B8 K
T B —BE R T s Bt

2.3 PUREHARGEE
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Fig.1 Values of normal stress when each LAB microcapsule is at
a distance of 0.15 mm

R I8 SER, TR e AN EINE T i P
FEIAJER 0.15 mm ARV R ME, DLHORRAE MR 2
HUBRBREE a1 1 s, B KGM &, T A7 ALG-KGM
TR BERI U R H ALG TR ZEAT A BTN, 1kt
% KGM 73 T2/, ALG-KGM T ZEH L5 /%
SIS RGN AR, BAR R ZE R B2
Hf 7 W F : KGM-2>KGM-1>KGM-3>KGM-0>
KGM-4>ALG.

24 fHARE AR

I MRIESN AR, WE TR IEAE A S
#0.1~100 rad/s & FEl N IBRPERERERCE (G AIRGPE
PFERE (G, RFAEMIRIRPE. Ik 2 Fow,
XF 6 FPFL R IR Fif 5, R AIREETEEN, G
BIRT G, [Fly GEEAIRFFEE, X2k AY) i
BRI, HIEI T AR IR ZE L EER L.
T T LA 6 o FLIR TR T (PR L RN, SRR =1
radis IR EE GFN GMEM RS, Wk 3 P,
TN KGM J&, SR Zeri st 58 % mikaE
KGM 7> TR IR/, ALG-KGM B i 5 (kG s &
P S K5 8 N 1 #, 1X 5 ALG-KGM FiR 2241
PR EE 1 AR A A ]

00 -+ Alg+KGM-0G'
ses = AlgtKGM-0G"
SEbEEETS - AlgKGM-IG
s eaensesesesenssesygsl — Alg+tKGM-1G"
100 F Alg+KGM-2G'
Alg+KGM-2G"
Alg+KGM-3G'
Alg+KGM-3G"
Alg+KGM-4G'
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= Alg G’
= Alg G”
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Fig.2 Visooelasticity of LAB microcapsules
=3 ABREMIKEELE w=1 rad/sBTEIG' FI GE
Table 3 Values of G' and G™ at w=1 rad/s for different

microcapsules

W& G'/Pa G"/Pa
ALG+KGM-0 230.5 20.3
ALG+KGM-1 257.8 235
ALG+KGM-2 258.7 32.1
ALG+KGM-3 252.9 23.3
ALG+KGM-4 183.9 17.6

ALG 144.1 16.3

25 MREHILRECER

T A FHIH T SRR T LA, T LUE
I KGM S ZE 485 1 Ui M B 28, X TT B
5 KGM [FIRG FHEAHDE, Wang Z5R3E T 1) ALG %0
KGM &4 T IMUBRae s gy &Y, 54004
FAHL. 735, KGM 7312520 | ALG-KGM fill
I HE I AR BRI, BEE KGM 7r T i), ke
PR IR B ISR G A . R,
Yang %500 KGM K i EERS, i FL 4055 5515
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Table 4 Encapsulation yield of LAB microcapsules

FLBR &
6138504

8.540.4x10°
1.246.1x10°

IR E BRI 32EM

5.540.1<10° 15.520.7¢
6.020.1<10° 19.420.7°
1.420.1<10° 6.320.2<10° 22.241.2°
ALG+KGM-3  1.0#0.1x10° 5.940.3x10° 17.4+1.0°
ALG+KGM-4  6.530.4x10°8 4.740.3x10° 13.7#1.1°
ALG 3.020.1<10°  4.330.5x10° 7.040.8"
E: RV AR AMEET IR £, n=3; a-fR 7T A R
FEEHEN EFTFE (P<0.05).

2.6 MURFARDE R E RS E
% 5 JEEMIRER B RN R BRI

Table 5 Survival rates of LAB within LAB microcapsules and

ALG+KGM-0
ALG+KGM-1
ALG+KGM-2

as free bacteriainSGJ
B BRI xR Pl BMERE

BRR e s A s AR
ALG+KGM-0 1.1#0.1x10° 1.740.1x10°  6.520.2¢
ALG+KGM-1 1.540.1x10° 2.040.1x10° = 7.840.2°
ALG+KGM-2 1.840.1x10° 2.240.1x10° = 8.249.2°
ALG+KGM-3 1.240.1x10% 1.840.1x<10°  6.940.2°
ALG+KGM-4 7.740.2x107 1.340.1x10°  6.040.1°

ALG 1.240.2x10°  2.240.1x10°  5540.3f

HdE 2.7H.5x107  2.740.5x10° 1.020.5x1049

AT AYEHTEIR £, n=3; a-gFl 7T LA RF
FHEHAHBN £ EE (P<0.05),

W% 5 Pzl IR R IR, AL B R A A
WS T 10" DR, IR RO 50 MR 7
¥ 7 IRRE: 5 ALG TIRFEMHEL, ALG-KGM i
PRI, B R AR AU A — E g KGM
SFFEM T ALG-KGM iR ZE ML B VR 1A A7
EFE, W& KGM 7r 78D, IR SR A R 2
DS B0 e /NS o B AU P — T S )
TR FE B, WOl — 0 R FEARA B R A
T AU R B AT [ E 0. W 3 P, dlid
Excel 2007 47— o A4, 155 i FEARLALL
B VR B AR AE IR S U R R de v Bl TR
y=1194x+3.412, M, AH5C R R=0.96207>R(0.05,
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4)=0.81140, F=49.745, P=0.002<0.05, FHHiZ[a|H
3 25 IR JERE 00 B R AR TR SR B2 E A
Ko HAICLERAAL, Sandoval SEHRIE T 7ERR YR
LB, Lb. casei FIAAE 25 U LN UAGR B2 1EAH
e B 3 Rl R FEL R R, 5 R 5
52, THGBR/S,  ARURCRE o LR R IR DRAP RACRBRAT

101

=X
> 8t
e
E y=1.194x+3.412
Eé 5L R2=0.925
=
0 1 1 1 1 1 1
1.0 1.5 2.0 2.5 3.0 3.5 40
PR / N
3 ALG-KGM 1% T 8 B S 1R BRI T E SR HE R 1%

Hhzk
Fig.3 Correlation curve between cell survival rate in SGJ and

mechanical strength of ALG-KGM microcapsules

2.7 BN B R 77

= 6 ABRFAHEER BEHREMERERERER
Table 6 Cell sunvival rate of LAB within different

microcapsules and as free bacteriain BS

e ﬂaﬁgf;y@ﬁ% zh xjﬂg ElY Bagut RS
HEHRN BEERIAS BEEM
ALG+KGM-0 1.840.2x10°  3.330.3x10°  5.340.4x102¢
ALG+KGM-1 4.130.1x10°  4.240.3x10°  9.840.6x102"
ALG+KGM-2 6.3#0.3x10°  5530.1x10° 11.420.5x102
ALG+KGM-3 2.540.2x10°  3.840.4x10° 6.640.8x10°
ALG+KGM-4 9.3#0.4x10°  3.020.4<10° 3.120.5x10%°
ALG 2440.2x10°  1.920.4x10°  1.330.3x10°?%"
AR =) 3.84.5x10°  5.540.5x10° 6.941.2x10°9

i R R AMEETEIR £, n=3; a-gF 7|t EA RF)
FEHH BN EH T (P<0.05).

JIH 35 2 NARTH A 2R Gidh ) 2 ot B TR,
HACERAN T3 A0 5 A R TR A 1 2 SRR A FE T L R
HORER . K 6 F: 5 EHEML, ik
JIH 2R B AEE R T 10° MR, U
AT A PHRS RS A RRE G E: 5 ALG k%
FHEL, ALG-KGM i JE AR Eh b AT 1R 0 — e 72
FERER ;s KGM 43T &0 T ALG-KGM Tl ZE
AHER BV AAEE R, WE KGM 70T &=, ik
FETE A0 AR BILERINE N . R, FR
AT PR FENE R R AT TG 2R AN LR FEREAT 1 [BlYH 73
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IIHT, A9 BRI R A AFE 25 WU GER AL 14 1t
[ 9 77 FE N y=4.453x-6.442, H , Mx 2%
R=0.96412>R(0.05, 4)= 081140 , F=52752 ,
P=0.002<0.05, # B [E1)A 77 2 5 3 H AR JEH 2h
PRI 2 SR L IE AR .

[ 3]

—_
(=]

y=4.453%-6.442
& R>=0.929

IEL R B A 3 / (%x1072)
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Fig4 Correlation curve between cell survivalin BS and

mechanical strength of ALG-KGM microcapsules
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Fig.5 Interactions between different molecular weight KGMs
andALG
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