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(1.College of Food Science and Biolgy, Hebei University of Science and Technolgy, Shijiazhuang 050018, China;
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Abstract: Probiotics can easily and largely lose the viability under the undesirable environment, such as food processing,
storage, gastrointestinal digestion and so on, which lead to the deficiency of enough amount of viable cells reaching the
human colon and exerting its beneficial effect. As the commonly used natural biopolymers in food, proteins and
polysaccharides can form macro-, micro- and nano-scale triple-structured probiotics delivery systems through non-covalent
or covalent interaction. Hydrogel, microparticles, nanoparticles and other systems have shown the outstanding colon-
targeted delivery performance, but more about the approaches and materials of probiotics viability retention need to be
further explored. Protein-polysaccharide based delivery systems have been successfully applied in food including yogurt,
cheese, beverages and so on, of which scale and structure determine the colon-targeted delivery performance and the
improvement level of product quality influenced by the fermentation degree of probiotics. In the future, protein-
polysaccharide based delivery system can be further investigated in the aspects of designing highly-efficient-delivery nano
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structure, multi-functional food with co-encapsulation of other bioactives, packaging materials and novel health food within

viable probiotics. With the formation mechanisms of protein-polysaccharide based system as a starting point, this article

comprehensively introduces the multiscale structure of the protein-polysaccharide based system for probiotics delivery and

its application in food. It can provide references for the development of the protein-polysaccharide based food system

within encapsulated viable probiotics.

Key words: protein-polysaccharide based; multiscale structure; delivery system; colon-targeted delivery; probiotics viability
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Fig.1 Probiotics species widely used in food and their health benefits™?!
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Fig.2 Schematical illustration of protein-polysaccharide interaction”!
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Table 1  Structure and property characteristics of protein-polysaccharide based viable probiotics delivery system
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4331410° CFU/g#110° CFU/g
Tk HIPFTE FLEMEEA- BRAERN  THE B SERIE LG, AT E AL 28 & A AR GuoZs#
(Lactobacillus i %W BN T4 BA YA R AL AR H 45080 T 0.89F
plantarum) 1.73 1g CFU/g (W41 %550l 8.42F18.76 1g CFU/g);
TE4 CLRAF0 dJ A FLAT I {0451552.0.33 1g CFU/mL
THORL HWEAFE  EEEA-TER - RABER, B R AT RS RO R FUAT B (Lactobacillus - PedalvaZ™)
(Lactobacillus Bi-FHKG/= FET plantarum) F &K 11 1g CFU/mL, H i REHRPTREI S 7L
plantarum)  RREREL/F5EE FRIFE (B 2915 1g CFU/ML, 1A B (Y £ AR T R 249
4 1g CFU/mL); 7E/INRUI IRAH0kE4 b REIS 3 01 7 A v 1 45
1, 34 A IR 107 CFU/B= 85, /N A Th1 A1 Th1 7403 P -
PRGN, RSB T e S 2y
Tk el e i Y FLIE RS R - - WA PR 10 um; ol WEE TR IR 68 °C; B & i Braber:
283 IRk TR ot FAH A7 26 A AT TG A 3 S 24 30% 1 R4 &
(Kluyveromyce — fii4:4) (LM AR TR . KRR AR 1=29: 1) I, 740l E
s marxianus ) ARG R R95%
RIS TR, PERFUFE DIRCBTRAG BN BORGED 7525 CIRAFS0 IR, BOHS AR B BORAE AP Slivat)
(Lactobacillus fEH BT 7.2 1g CFU/g, Miv& ¥R J & 19 ek 6.7 1g CFU/g;
acidophilus), P E W IE AL, WS RRFLAT PR ZE kA H ok rh i e T
BPRUIEAT B 1.8 Ig CFU/g, 144 R THR 0k FhiB 2k 1.2 1g CFU/g, i A AL
(Bifidobacteriu AYHK T2.5 Ig CFU/g; ZA400 8 I i AL 5, SUBEFT R AE Wk
m animals) VHEMCR TP 2K 10,5 1g CFU/g, 7673 R TR R it
1.7 1g CFU/g, MiARALI MK T4.2 1g CFU/g
pGdn WERRFLIT I FLIEAEEE- B MEE BmTR EAMEBERORKYE . FUEERPEREE T A —FE 0 E Bora%
(Lactobacillus T NEWE  F, BiKVEA, BRI A BRI AR R 1 25 25 BRI VR T IS AT
acidophilus) ki TR, IR IKO8%, HE i T 284 PRIV AERR e M (4 °C 30 dik

6.74~8.69 g CFU/mL; F—fif#EE 416.35 Ig CFU/mL ) FIZ A
U T AL AEIE 2R (8.65 1g CFU/MmL; A AHE Dl
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Fig.4 Common microscale protein-polysaccharide complex
system for probiotics delivery
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L E s )S , A Ak 0.4, 2.05 F13.12 1g
CFU/mL, i J5 35 43 B i 28 1.62. 2.71 11 4.16 1g
CFU/mL. Xn|Re/2E ik A hAeil it 2 G BEER L
TR IR S T 5 5 S22 B FE . Ma 551 ]
FE GEER L AL ZZ I 45 R B 1 -BTh A iz
ek BEIR S A FLAT I (Lactobacillus plantarum ) 1E
WPAFEFR (25 °C, 28 d) L B W A iE 3 (535
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R, e B AR AR 22 4 100 M T A, BRI
PRSP B LR 554k, PGPR AFAE4L
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RIS AT R A AL IR A R 2T e
A TE] R
224 HARFE  HURFEEE—FRIHRREE R
SFREGYIE NS/ BT, B M AR AR A
Z e, R (555 T . Y UR TR . £ il
AR RS sz ik (B A HER . B4
UIUE . TR ERA 4 B e g sk, 2.2.1
BN LA I BT- 285 G0 M e ekt s T
— P B, e A28 LA FL IR R IR A5 I R
JH-ZEE AT EE . LA o/w FLIRCHIERI(E 4) ek
Wk s =0, i RAR YA a4
N8 FHFE o/w FLUE 9 hAH, PR A EAE T B 2B
KA RIAT i B EWAN S BTk (solid lipid microparticle) .
Tasch Holkem &8P AR T 5% PIEEFLIY 19
FLIRH AR B -0 e H i 2 A TR o B
= IS AU AT B (Bifidobacterium animalis ) I3
#(98.59%), IFHE 7 C WAE 120 d J5 3RS S A7 1%
#2(9.3 1g CFU/g) . BAREIMUB S HAT KRS E 1
1 AN R IMBEHT 8 AR, (H LA o/w ZLIR S S
A TR R 14 Jy RS T Bk PR Y 25 25 TR, Xt
5 22 7P 5 A B A AL L R B FRARU R SR i A
w/o/w FLIE A FERHI A1 w/o TR EE N2 /K AHIE FH
FEIRIH S 2a A e (B 4B, (eSS T ¥
TR RE T w/o/w LIRSS Z) 2 BNWEER | MELL
DAFHAR YIRS, $ETMTRZ M w/o TR FE 138
R . BRILZ AN, B ok H il B fobe 3 s -+ ok
FAGGE T T 1%, s e T e K oo A3 5 Xof 2 A= P
A IR
2.3 YRR

AR, K G035 R 22 1A it 5 0 FH AifR—
FLEMFFE IS 5GP, BIRYIKIUR (nanopar-
ticles) . PIKEEHE . PIKEF4E (nano-fibers) . AKFLIE
(nano-emulsions) . YN>KJEEHE (nano-capsules) 544K
RAR F2 OB UE SRR 32 5 A PR P SR * (B H
BTEN R 25 A TREE R AR R MBS T R AT I — <2 1Y
PRI S PR 50787, — I T LA R 3538 14 mT FH i
B YIAKTIRL I A R R (TR R A -2 R
B, 53— J7 T 2w A TR R ST ke 8 O Gl FE
1~10 pm) HIEARAS S, 5 *E DL 4 Hb DT PO 49 K 2336
BEIRR . T RN HEAR-Z2EE Sl
PIENAKET YL . AN AR FNZN K FLIR o
2.3.1 YekerdE FIHRRAARS) 12 THEOR (fudE
T TLL TR ), A8 = R PSSR M B
2R B -G s W e M s s L B AT TR et 2B )
IEPE BTN ETYESS . Horp il gk LT 4Em G
YA BE W R e R R R 2 — o BT
L BRI SRR AS BT AT VRS K 28074 2542 T 52



844k 1T

AR, 45 2 RUBEHE - 2R A A BB IR TR R T 477 -

ASFNERIE g 5 M ), A s e K b i 2R s L o-
VERTE ., p- o EREERE . S REAFNERIR G A S = Yk Ll
AR E R R MELAR AP FIgEZEE . 2 g in AT
DIBAGE R, BT FL AR S 125 TR AR g i FHERR
i, AR B WAL 25 A SRR PP 1 2L 2T
BEPTER ELP 45, Akkurt 2P B ILTEF 9522 )m T
J& , BEER BRES -0 ~= ZSBEGNOK LT AE RIS 25 1 FREN-
W22 ZHHAK T 4E b BRPEZLAT B (Lactobacillus
rhamnosus) 7 B EL 53 513K 9.5 Fl 9.6 1g CFU/mL (453
Bt AR 9.3 A1 9 1g CFU/mL); £33 WLEE A& B
FREEVEZLAT B 034 TEDPREFLEN(E 5) . HEZE
R EL AR Bl i TR R R - 2 W Sk
Te FLAE 2 A= A 1] 32 326 19 S B R FH I A SR e —25

R

2.3.2 gekitkn FIIEE B BT- 2R G AR A8 15
A T AR UL 3845 T2 284 P 55—l FHbT
EEFNILDTTEIR D | PRTTITETL P 4507 2l R AR A
YIBRE AT, (R T 2D 300, 8 1 TT- 2 bl 2
B AP YA ETE e SNE L v 8 1= E S e e o D = WL

W B i IE [T P A .38 25 28 TR R B g oAby, PR
B TR Z2 0 3 — 25 W B R B T 4N K Uk 2R 1 .

0.9 me

8 m

3 um

Hosseini 2507 Y Bl 2840 B W A iz wod Ae ), B R -
FEIROBE- UG FLNR BT R UL A Y BR3P LA T
(Lactobacillus rhamnosus) 53 19T 1.2 F1 1.6 1g
CFU/mL, 1Mj UB B fi5 & A5 5T 24 K UKL 73 9 46 J< 1
1.7 F1 3.28 1g CFU/mL, A (L A% 25 A= BRI 43 H35 2%
T 4.5 F1 5.5 1g CFU/mL, &FIFHE AR E 4
ML A& G AR T4 v i 2k TR Al I 1] 126 3% 2L
HEEZEL.

233 YIKFLE  DOKRFLIE R R E | e
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TE 27 °C WHT 40 d Jim, KRGS EEA-FHARIE o/w
R FLIE T TR IR AT B [CFLFF IR (Lactobacillus del-
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Fig.5 Scanning electron microscopy images of electrospun Lactobacillus rhamnosus GG (LGG) incorporated in fibrous mat
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