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Research progress and potential application in oral cavity of
hydrogel-based probiotic delivery systems
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Abstract: Probiotics can improve the microbiota of human oral cavity, gastrointestinal tract, skin, and
vagina and reach the targets via delivery systems for preventive and therapeutic purposes. Hydrogel is
currently accepted as the most common carrier of delivery systems. The recent studies aiming at
improving hydrogel materials mainly focus on matrix structure, bulking agents, and external coating.
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The novel hydrogel contributes to the adaptation of probiotics to the processing and storage

environment, as well as human body microenvironment. Probiotics have varying requirements for

delivery carriers in different human microenvironments. The specific characteristics of the oral
microenvironment pose a new challenge to the colonization of probiotics, to which hydrogel may be a
solution. The application of hydrogel will expedite the course of clinical research and pharmaceutical

development of oral probiotics.
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Improvement of hydrogel. A: matrix structure. The cross-linking of polymer chains limits the

internal probiotics, but the hydrogel made up by single matrix material is generally lack of compactness. B:
bulking agents. Adding specific substances to the original matrix may be a helpful way of filling the natural
pores created by the cross-linking, increasing the compactness of the hydrogel. C: external coating.
Microencapsulation with coating materials can effectively protect probiotics, and usually have more

advantages.
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Table 1 The composition and properties of novel hydrogel
Material . i Material
. Material composition .
properties properties
pH sensitivity Chitosan hydrochloride/sodium alginate!'*! Mechanical properties Calcium alginate/fucoidans!
Graphene oxide/glutaraldehyde/gelatin!*!! Chitosan hydrochloride/sodium alginate!'
Calcium alginate/fucoidans!*l Thiolated hyaluronic acid!?
Sodium alginate/zein'*”! Sodium alginate/chitosan**!

Material composition

48]

Calcium alginate/whey protein concentrate (WPC)” Sodium alginate®"
WPC/pullulan’®! Shellacl>

Thiolated chitosan/sodium alginate®" GO/glutaraldehyde/gelatin!*!
Pectin/glucosel*"

Gelatin/gum arabic!*"!

Gelatin/gum arabic/sucrose!®*!

Temperature ~ Sodium alginate/chitosan!®*) Film forming Hydrogels of 2-hydroxyethyl methacrylate/
sensitivity Poloxamer407/sodium alginate!®®! polyethylene glycol diacrylate!™”!

Apple pomace/pectin!*’! Sodium alginate/zein'*!
Bile salt WPC/pullulan’®! Suitable water-content Chitosan hydrochloride/sodium alginate!'!
tolerance Sodium alginate/zein™*"! Fish gelatin/sodium alginate!”)

Pectin/starch®®! WPC/pullulan(PUL)/trehalose(TRE) hydrogel'®)
Sodium alginate/starch?"! Collagen!'?
BiodegradabilityCopaiba oil/carbomer!®”! Rheology WPC/PUL/TRE™

Chitosan hydrochloride/sodium alginate!'*) Poloxamer407/sodium alginate!*®

Pectin/starch®® GO/glutaraldehyde/gelatin™*")
(Modifeid)alginate!®® Copaiba oil/carbomer!®”
Chitosan/glucan®!
Low cost Apple pomace/pectin™*’! Adhesion Chitosan hydrochloride/sodium alginate!"*!
Easy to Sodium alginate/chitosan®*! Thiolated chitosan/sodium alginate!>"!
prepare DNA/gelatin/k-carrageenan'? Poloxamer407/sodium alginate!*®
Chitosan hydrochloride/sodium alginate!'*)
Gelatin™*"!

[53]
[48]

Sodium alginate/chitosan
Calcium alginate/fucoidans
Curd-peptide!®

Gelling Sodium alginate/zein™*”! Conducive to nutrition Thiolated hyaluronic acid!™
property
Oxidation Calcium alginate/fucoidans!**] Conducive to probiotic Apple pomace/pectin'*”’
resistance Oil-in-water (O/W) emulsions?*) growth Poly(ethylene glycol) dimethacrylate
Kappa-carrageenan/locust bean gum/WPC*! (PEG-DMA)!™!
Thiolated hyaluronic acid"*!
Thermal WPC/pullulan®* Antibacterial ability ~ Chitosan hydrochloride/sodium alginate!'*
stability Chitosan hydrochloride/sodium alginate!'*) GO/glutaraldehyde/gelatin!*"
Fish gelatin/sodium alginate!™’ PEG-DMA!*
Electrospun fiber/alginate!®! Poloxamer407/sodium alginate!*®
kappa-carrageenan/locust bean gum/WPC! Curd-peptide™*®!

61 Sodium alginate/fenugreek®

Copaiba oil/carbomer!®”
Photostability Propylene glycol alginate/B-lactoglobulin Packaging efficiency ~ Sodium alginate/zein*"
Gelatin™" Gelatin/gum arabic®"!
Electrospun fiber/alginate!®’! (Modifeid)pectin!®!
Fish gelatin/sodium alginate
Applicable to dairy Sodium alginate/soy protein isolate

Poloxamer407/sodium alginate

[22]

[59]

[62] [32]

Stability under DNA/gelatin/k-carrageenan

refrigerated ~ WPC/PUL/TRE™ allergy Thiolated hyaluronic acid!"
conditions Thiolated hyaluronic acid" Sodium alginate/zein™"’
(4 °C) Calcium alginate/WPC!}
Pectin/glucose*
Low Sodium alginate/chitosan®*! Sensory properties Fish gelatin/sodium alginate™
permeability  Thiolated chitosan/sodium alginate!®” Sodium alginate/carrageenan’®”!
Chitosan hydrochloride/sodium alginate!'*! Calcium algifnate/ WPC!"!
Sodium alginate!®*!
Ductility Copaiba oil/carbomer®"] Low pH sensitivity Gellan gum!®®!
Low sodium alginate!®*! Chitosan/glucan!®!!
Moisture Chitosan hydrochloride/sodium alginate!'*! Lack of mechanical Chitosan hydrochloride/sodium alginate!"*!
resistance Calcium alginate®”) properties WPC/pullulan'®
Collaborative Propylene glycol alginate/B-lactoglobulin’* Toxicity ZIF-88
delivery Sodium alginate®¥ GO/glutaraldehyde/gelatin!*!!
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Table 2 Hydrogel material for common probiotics

HRE . BAGW hiR sEd R Rk
FR AT ) — S PRA, BRI B AR E 1 AT R

PR B R R,

2 FACRE LR AR

IR A Sy i 3 N AR B — 2R A W
b, ISR AN AR AN R 8A57 A #1801 4 2 T T
126 1K AN [ 4 A TR BT

PRZES, Mot ae
TR 2)0

Com.m on Corresponding material Common probiotics Corresponding material
probiotics
Lactobacillus Other Gram-positive bacteria
Lactobacilluss ~ Sodium alginate hydrogel particles with | Bifidobacterium Zein-sodium alginate hydrogel!*”’
rhamnosus chitosan coatings®* DNA-based gels®*!
Pectin hydrogel particles!®®! Pectin-glucose hydrogel bead®*!
Pectin-glucose hydrogel bead™" Sodium alginate-carrageenan hydrogel®”)
Casein-based hydrogel gels!”® Chitosan-alginate hydrogel!””!
Thiolated hyaluronic acid-based
hydrogel!"*!
Lactobacillus ~ Alginate-whey protein isolate Streptococcus Peptide hydrogel*®
acidophilus biocompositet™”’ thermophilus
Calcium alginate hydrogel beads!*®!
Lactobacillus WPC/PUL/TRE® Enterococcus Sodium alginate-fenugreek hydrogel®¥
plantarum Whey protein concentrate hydrogel®" faecalis
Calcium alginate-cellulose hydrogel’?
Calcium alginate hydrogel beads™*®!
Lactobacillus ~ Poloxamer 407-alginate hydrogel®® Bacillus Chitosan hydrochloride-sodium alginate
Casei Whey protein-calcium alginate Gell”? licheniformis hydrogel!'*!
Calcium alginate hydrogel beads!*®!
Pectin hydrogel particles®®
Lactobacillus ~ W1/0/W2 emulsion!”®
Paracasei
Lactobacillus Sodium alginate-pectin hydrogel® Other Gram-negative bacteria
salivarius
Lactobacillus Chitosan nanohydrogel®* Escherichia coli Chitosan-alginate hydrogel!””!
Reuteri Calcium alginate hydrogel beads!**]
Lactobacillus Chitosan nanohydrogel 3] Wilhelm ackermann Catechin-alginate hydrogel™”
fermentum Calcium alginate hydrogel beads!**] W1/0/W2 emulsion®”?
Bacillus subtilis Chitosan nanohydrogel!®*!
Lactobacillus Chitosan-alginate hydrogel!””! Fungus
bulgaricus
Others Pectin-starch hydrogel™® Yeast Collagen hydrogel!'?!
Gelatin hydrogel™!
Polyvinyl alcohol-gelatin hydrogel™”
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QU A7 A R rORS B N (e e TS 3 ),
PRELIRFE S IR LR B TV kiR A T, BRAR
oL, AR & e, PO B AR
FE<100 pum FITE B P Xk 1 /g PR 5 i AR KT,

Tihk, LT W5 R 2 VA £5 AE TR AR
PUE BRI T B AEIE 3, LASCTE W 18 v i ik
FIREE )] . (HARZ MR ZM T A WTER Y
2P0 AR A R s PR AR AR, Xkt
T AL T A T R AN AT B Y
22 BRHERETSES

118 5 AL TR R BRI BT .
WE TR FLFF T8 (Lactobacillus acidophilus). &,
FF & (Lactobacillus casei) . HYIFLFFE . AT
PR PR B (yeast) S 187 KR I AT LUK 3k 2 25
A TR B B NGBS W, HRES /N PR rh R
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FET R S8 B0 Xt 2 A TR AR S M ™ S R —
T 5 1 M TR 1) 5 2 R 1 S ST R
50 SR W - TR ) SR AR R DA R R SR AR e 24
A T B i 2 0 1] 9 25 A B A O

KBRS R4 1 AR W AR S P 3G i 1 e Ak
PR A, 5 SR - R B /K BE IR X DRI A1)
FLIF IR (Lactobacillus bulgaricus) . [ 25 {6 FF 18
(Bacillus coagulans)F1 XU AT & 19 B 18 il %2
PEERA L TF R SR T WU A B X6 K o A 8 11 A
P RABIAER, Sk 5 TR R X E
BT 24P K A T A R ) % KAE T, Yuan 54
B AR BENG , SEPE T FERLAULE IR A Y
IR IREE T X SO B A PR 1 FR Y, i — 28
T PR I M8 2 A TS5 B0 A R DR RIA 7 T 247 R
A X — iR T L N R BE

FEKBERE I B2 RGEVEAG T, IR E K Z
230 7 HOJE 5 A R B T R PR RN g5 2R TR AT
B8R, RS SIS PR TR AR, X
— 7 HREUE A0 TR AR AE 5, A 5 JEATE)
Ui BRI A TR A RE O B 5 A AR T A
FHASC G Ve . H AT — 28 B A S 4 A TR
TG Ve R ARSIy vE RN, AR BB UG IR B bR
T TG 0 41 T T 7 P2VRN 3 i S 56 I A T B O
PEUHON . Ta S55E R PMRAE B BB HES T T B AR
) T A T L SR B S o3 A A T Bl R s 2
TR A1 S K BEIRCPEAG 5230, T IR IX L 52 3 B
B T AR AT A R 0 2 ), X B R B
B B FEAE S I 25 A B ) E R T 2 — 2 1Y
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EARTE R, TEMEE PG R, &
I 2% R K BRI AR s flan, BEAR AL
A1 25 45 (GO) 1 W 1 7K 5 1 B4 — 72 1 Pk R AL
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BK 7 (Staphylococcus caprae) 195 3 TN TR FT T
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5w O BRI ST A, AT AR B B 5 11 B
SR R

BEAh, — BB R K BE s i FT LR M R
o BB BA WIS I RE, 2B 2
RE WY G AU o, BERETR S W AR IR
K I 75 W 4 ) 55 AR B RE ), WERRMR
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0 g/mL 4% 2 g/mL B, B E-F(SPF)A]
0.75 FF+#129.42, ZfEAEAF UL 46.6% Tt
) 99%*, MR, HHKR BT EM AL H .
IKBERETT LA R T B AL SR A5 1 K 4310 A
B (fish gelatin, FG)) i v R Bk AU 26 B¢ i L
A ARGE 37 B PR R AR, LK fB PR BB
104.66%4% = 51| 434.40%5,  AEE T L J kA
O i XTI R VR R R R . TE M -1 B R
ELFFLBE R LSSSL- 1 B R £k Tk /5 B st F 3y
LA AR, T 45 v e - i i N A SR
1 VT R U LA R s
2.4 MREMESERE

FFJ 3 ol 2 0 T )~ 8 T AR B R 2
MR E T R AR, PIIEIER pH BN
3.8-4.4P (EMERERBIE S, FLFFEE & 3 St
AL, fe i WA R8T FLAF I (Lactobacillus iners)
& W FLFF I (Lactobacillus crispatus), ¥ RFLFF
W (Lactobacillus gasseri) Fl & K F /T &
(Lactobacillus jensenii)®” . TR FE I MRS, FoA fe
JREFH 8 A S4B R AT DL S R e A, HETE
 Z M FL L 7 (Lactic acid bacteria) @l i B 7] DX

(A)

Plaque *.."

B2 HARMEKmEEERNE

Inflammatory factors

i/ B T S e (i AR O

% & HE R R MRS BRAE A, B 4
Az TR 2500 R AR B BB A 2 1 BB SR A
we . AL Sl 1 o A K BE AL AR B = AT . i 4
THI& VI 407 SHFSERR MR G W) BEIE AR AN RE
T JEE R 0 20 R Y 5 R R, AERR i) 3k T B
Tk TR I, AT DL S B B 73 A
BAESF ) 0T IR SR T i A 1 R D - K O i
X 4 E T HAT B AR TR TS, AN e LR
B AR, X BALB/c /)N BUBH I8 25 5 AY Ak A
HERY, HBWSh 1 E8Ch 423m, B
SRS R R0
2.5 OFEMESRE

DU R Gl A 25 FR e TP Y s A= T A T ELA AH AL
AOBL, i E () 2).

H Bl a7 T4 3= LA A1
TR 2 A T REUOY T AR PR O g UE B R
F Uy st e 1oy U0 85 Ak YT IR
DR 1) G ) f G B AR TR S A T s AR T
A5 E A RO AR TEBEER I (Streptococcus
mutans) NSNS BT (EPSYRL &2 5 4 A F M

(B)

Figure 2 Mechanism of oral bacteria and probiotics. A: carbohydrates ferment in the oral cavity can form
an acidic pH environment, where bacteria adheres and proliferates, forming plaque biofilm and promoting the
development of inflammatory reaction. Inflammation activates the host immune response, releasing
inflammatory factors which is further conducive to the growth of periodontal bacteria®”® . B: probiotics is a
therapeutic method to prevent and treat oral diseases by inhibiting oral pathogenic microorganisms, reducing

biofilm formation and regulating oral inflammation!”®'),
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A= YRS B RO B R T, ARk
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FEASHI PR B K- (CAL) Jy i A 21

4 b5 LR RS 2 A TR 2 A A IR e
BRSO, (R SZ R RLITRR S i 3R A
TR S ASY o 7K B M MR AT A i e YR 71T A 15 i 1)
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PE e 30 min 5 FFEANE] 1 log CFU/mML,
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