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Application of novel nanofiber liposomes coated with
C3G in yogurt
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Abstract: Cyanidin-3-O-glucoside (C3G) is the most abundant and widely applied anthocyanin in nature, possessing
potent anti-inflammatory, antioxidant, and anticancer activities. However, the applications are greatly limited by its
susceptibility to degradation under external environmental factors. This study aimed to enhance the stability of
liposomes by incorporating Fibersol-2 (a water-soluble, digestible-resistant fiber gel) into the liposome formulation,
and to evaluate the effects of adding the resulting nanofiber liposomes to milk during fermentation on the relevant
properties of the resulting yogurt. The experiment reveals that adding nanofiber liposomes to yogurt results in the
following outcomes: a significant promotion of the proliferation of Lactobacillus bulgaricus and Streptococcus
thermophilus; a decrease in pH and an increase in acidity of the yogurt; an increase in water-holding capacity,
diacetyl content, and antioxidant activity of the yogurt, as well as inhibition of yogurt protein oxidation. Furthermore,
the addition of nanofiber liposomes has the positive effect on the texture of yogurt, but has no significant impact on
the volatile flavor compounds of the yogurt. In conclusion, incorporating Fibersol-2 into nanoliposomes as a strategy

for stabilizing liposomes and protecting C3G is a feasible approach, and incorporating C3G-loaded nanofiber
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promising avenue for the development of functional yogurt.

Key words: molecular biology; food science; Fibersol-2; cyanidin-3-O-glucoside; nanofiber liposome; coating; yogurt

AR, T2 B L ARG BOR BOCTE, Bl
WFFEXS AN N LAE AR 1 R SR AR i 1R 1L o)
TER SRR W H . (H2, RIRADEHE
BUMEAAAE e 22 . B 2 A aisE . b3y =X
SRR AE W) BEAR S AN T i AR A HEAE T
B, JUELG 2 T AR AT RN B
— PP LK ORI XA 8 S R ik, Bk
TE SRR — My o (6 PR R)) B 78 55— iy Jo (i
MR Ry R . Sl XA YR TR, AT
P A W P I 52 SRR E DR 3R 52 M RS b 2 1Y)
A EAER], H R ERO I E R

B BT s 2B SRt R A R 24 4l ) —
BRIEAD. AR, GUOKIE B AR AT E AR,
BERRAS 2 B Al . KR LA R R A s R AR, X
SERRURARRIE AT R B0 DAL B W) B A MR T ]
DX, AP S IR AR, i pHA{H
FIR 2 AR RN B 5 W i AR BRI
DB AT, DAL A W4 3 A 3 2 SRR
EEN

Fibersol-2 J& — ML IHAL A 2P MRS, Al &
— PRI R, T TERRVE SR T X R OKTE M
AT InIAE i . KA AT 75 . Fibersol-2 Y& A7 AT {a
FERR A RIE BR, 7K h B AR5 1 4 i Ge
SCHR 4098 R B, ANAKRFTHE A B Fibersol-2 2447
90% "] LA KNz, Hrh, 50% ¥ 45 Wit
R, HARRIN 52— 1R . A S
FEMRUESE T Fibersol-2 HAG e #EA #5 1 18 R AR K
A F RS . (LI IAE TR 5 R
I HINER .

BT R — IR B Y, Y e
BI;TEZRKEYEAR . BATCHMETRZUER
T, Hrb, KRAF5R-3-0- %P (cyani-
din-3-O-glucoside, C3G) & H A A ¥+ & H
BB Z N —FES &R, WE AR TR, K
R BT RASH L, C36 AATRIEMHTEA
PG EA L S E R ERRE . SR, C36
BRAEL T, X R SN R RS, IR E . AT
FaSE C3G, WFFEANGIHRI T E2%E | MeAbAIsgk 3
FEHLG. Hrh, BROEX CICHEARL . mak A
FRENL],  HHAY T 20 B AT AT AL )5 G Y
P

BRUYEFRFE, AITHEE AR, SR
JER RS LR — H 35 A ThRESS, XMELL LN T
H K E SRR, mBRY i ALk C3G 144
K £ 2k i S5 A T 1 5 R 5 P SR AL AN AR TS L R
W, AR T AN T e I R, A R0 S
W DI BEE .

AT S 38 3 AR TR K Hh 2 2 TR R T R
C3G HHATALHE, DA C3G YRRk 22 R i M 25 1 e
i 5 18 32 1] B A TR IS N Fibersol-2 DA RS 5 £ 2%,
C3G BIGKBRITAR, B8 BE A 5 2 ik i R il 255
M) 717 oA AR X6 A A5 0 ) A0 HHL A5 SR r S 5 g RS BR 5
WD EALEE C3G AYAK AR B R R FH S ER 5 b AR
BRI TREYE , W TH A R

1 MR5F#®

1.1 w5

C3G Sk (4l > 99%) W [ B4R 2 B EE A Y)
BHEABRAT ;s N85 S75 (B R B AR B8 A K S B
O ECN 70%) W A T BH R e A 4 i 254G PR 7
Fibersol-2 (FT 11 b2 ZF Wik , AHXS 4> F i & 294
2000u, 1u=1Da)lygH EigHEREEMHEARARA
Fl; MRSHEFFRIEEM M7 K57 3L00 A 75 B4 Y8
ARARATE; 4550 | T8 A JEREFLIL A BR A F
R e IR A 2 BERERE LA A 7] 5 NaOH ARyl
W, Bk, OFE. CBEF. ECKE. WOBAREM .
AR W . =R TR 2-2 A - W -3- 2, A e
M bR -6- 16 iR (2, 2" - Azinobis- ( 3-ethylbenzthiazoline-6-
sulphonate) , ABTS) F12,4- —fif 3L 2K jif (2, 4-dinitro-
phenylhydrazine , DNPH) 204 5 [ #5242 sobk AR AR
AT R [ E 254 A 2E R A BR A ]
1, 1- — 2R FE 2- 9% FE Bk (1, 1-diphenyl-2-picrylhydra-
zyl, DPPH )70 [ 1 i 05 AR R AT FR A WD
PRE . HEmRAM =3 H IEE L P ey A 23 E
FHEA R Ellman 372K A 22 [F Sigma-Aldrich
/NI
1.2 ERUIEIHI&

SR HUEL FCK B 2 g A WA T KA, Rl
R F] 40 ~ 45 CIF, 1) 4= v S AR R 43 Bk
10% AR R BRI, Horp, X B2V i 514
(alivK s FS-2 2N Fibersol-2 5 185 S75 i & Lo



350 RYINRK 4R PR T RR

F 415

20 AR R C3G KL YERR ik s CoALEs N
SRR I v B (B R IE 5 v €3G W it o
1 mg/mL) {7 B B C3G; C,FS-2 41 %3Nl Fibersol-2 5
Jg BT S75 it oA 21 1 AL ERAIRIR B C3G M9k 4T
AERR TR s C\ FS-2 ZHUS N Fibersol-2 5 I 5t S75 it
R 21 AL v B (R B AR BE I v C3G B
74 2 mg/mL) C3G WYPKREFAER iR . LU FEAIR
G¥SE, BEIMETESECR 0. 1% MR EER, IR
A5, FHEEREFRM(42+1) CREES h, MG
R4 CokA, 12 h.
1.3 BRIFREEHENE

XFISO 7889: 2003l i J7 ¥ 1 4 48 v FH LA
FE TR g AEEER TR M M A LA 2 H
1.4 B9 pHEKNIE

4 B A A BRI KR B =R IR )
J&, FH pH e H pH {A .
1.5 BRI EER ERNE

2 18 GB 5009. 239—2016 £ it 24 4= [ AR -
1 TR B A S )" TP R A T T s AR 4
LH FRASFE SR
1.6 BRIHRES

K H TA. new plus B 57 #4 {306 B2 913 #4753 Hr
Mg 50 BRI TA36 R, IR X k4 i
¥4 BT (texture profile analysis, TPA), fih % 1k 5¢,
DR R L 0§t A 3k R 4 2 m/s,
MAFE B4 5 mm.
1.7 BRIMEENE

K ] HunterLab 8 B {300 52 12 05 4 5 1) 23 2,
FELASERE | 2148 B R B RAE R W Y £ )
1.8 BIFNZEBLENNE

O HERFEON 16% B =5 LR B W 2. Tk
FRUEER E 3.0, 6.0, 9.0, 12.0F115.0 pg/mlL,
TSR IR RS WA T RN, 7€ 335 nm P <
FE I FE (optical density, OD), FF2: 5 X 2 B brifE
M2k ; @ BOE SRRV, FAH [R5 B i —
RO W RE 245, B0 5 b s g 4t 17
U Q) B—E mAIER S 0. 5 mLARF SR 1% 4B
KRN, Lh4. 0 mol/L £RFRVE N S 2 11
A, BERIERAIES A2 AR A5,
F335 nm K N EEE B, (CAX L bR AEh
2, AR AL B T s a0
1.9 BERIEEFKARNE

S5 SCHRL 1L I 5 R PR VR AE i L 2 R 5 1)

Fik 11, FK J1 (water holding capacity, WHC)H 4

H=m,/m, x 100% (1)
Hor, m WERY LIS m, AR
1.10 DPPH HHEFBRERINE

ST R BEIGTRELL 4.5 X 10° r/min B5.0 10 min )i,
BB B35 20 wL, 5180 pL 0. 2 mmol/L DPPH-
CPBERS AR Z T BBV 30 min, 517 nm A0
FEICEEE, ICAED(517); LURZE/K 5 DPPH- 2 %
IR WA Z S, ie/ED, ;s VIOBESRRY L
B AR RS, HOG% B iC/E D, BRI
DPPH H H3&iERZF C /"N
D, - (D(517) - D,,)

DOI

1.11 ABTS*'BEHEFBRENE

ek ZHOU 25 75 2% AT A2 BR W53 Bk ABTS
A JEAYEE S, K5 7 mmol/L ABTS* 5 2. 45 mmol/L
BRI AR LMATR L 2: 1 TR A S, Z5 IRk
JEIER 16 h, FHIC/K QBB 2 IAE 734 nm b1
Je®E R 0.70 £ 0.02, RIS 5] ABTS TR .
Ry 5SS TAERWORS, ERKN 6 min, T
734 nm A E L, ICAED(734) 5 D4tk 5
TAERS R N AE AR S5, HOGH BICE Dy DA
ToK LB SRS L3 W W AEXT IRSEE:, i2ED.,, .
BRI ABTS H FIEIEBRIG M C, h
Dy, - (D(734) = D,,)

DOZ

1.12 BINEARENUE

K FH Bradford 15300 5 2 1B B, LA IS
T AR 5 T 595 nm A A2 527 5 O 1k
JERRIERZ .
1.13 ERHHRESEWNINE

S5 S0k 14 ] 07 Bl e e st & & . BL1. 5 mL
R 05 # B (29 2 mg/mL) il A 2 mL 10 mmol/L
DNPH, 7ESW s 1 h, FESHNA 3.5 mLIEFH
A0 10% B =44 4, B8 (trichloroacetic acid, TCA)
TEVK EWEE 10 min, JFLA 1 X 10* v/min B5.[> 3 min.
1 mL Y S BE- 28 R (RFRLE A 12 1) BRI DTTE
WHAEE R 3K, fJaHUTIER T 3 mL 6 mol/L 1)
PREZEVEW. I M, (B : nmol/mg) Ky

w, = PGT0) e (4)

e,pd

Hrr, D (370) WFERAEN K 370 nm kb HDER
p AR R ) o v B (PR mg/mL) ; d Rt
HAE(HAL: em); &, =2.2 % 10* mmol " *mL+cm™

C = x 100% (2)

C, = x 100% (3)




34

REEIRW G REL; n MR REATEL.
1.14 BB HESENNE

Z2% SCER 15 107 21 A AR B i DA A 2 25
%.h&&ﬂ&%%ﬁ%ﬁﬂﬂ&ﬂSmM%%
g, A 0. 02 mL Ellman i 55 ## % 15 min,
TE 412 nm A0 2 SEHE, 0. SmL 8 mol/L R FE %%
MRACE TR YRR E 2 R 0. Sk (—SH) &t
M,(BAAf ;. pmol - L™ mg™ )N

M, = TD(412)n/p (5)
Hrp, T=73.53 pmol-L'-mL™", MEEIRIE G
HALFRE D(412) MFESHFE 412 nm T AR
1.15 BERIIRIIEE ERUEY R 547

ﬁT“ﬁﬁﬁﬁ%A% mumm@m#%$
A AFR IE -+ = GE -+ 585 RN TR A D R R
wﬁamuLst,%EmAummZ%@mh
Bl min, $2BGIFEEREE 3. REGERG, HTK
TRERENAT BRI HE T T8, MRS T it
Fedh. AR TR S, HIEC ket i
BE, KR i i e H s b S i FLAE 2 0. 22 pum 1Y U8
FE VAR M. FHZE4E4E 7890 B-5977 B AH (4 1%- i
ERGEHT N, Z RGBS HP-5 MS (354 (30
mm X 0. 25 mm X 0. 25 wm ). 18 i 0 i AL AT — sk
AN B o i,
H i i i A1

SRR
1.16 HIBESH

ABIE G i A S S B B LV Y E £ hr 1 22
(x+s)FTarxn=3), H GraphPad Prism 8. 1 Ak
T8 37

2 £R5H%®

2.1 BRYREERITHER

it A AN ] 2 2 7% %) W8 R BE 33K T (Streptococeus
thermophilus) . P AV ZLFT B (Lactobacillus bul-
garicus ) XS BT TR AOEL B AL O an & 1.

H 1 1 Ca) FTRN, FEAE TR A AN TR 2H IR WA
st g AR BR BB S L B AR R #a A, JF L
C,FS-2 > CFS-2 > C; > FS-2 >XF A2, R A
Fibersol-2 Al C3G A Lk il 25 I 5 i 1) g R oK 1T
B R R, 4 C36 A Fibersol-2 VR IR, 1245k
REN 2 .

A 1 (h) PTIL, CRANASEZLAT B ARG R N 2

P = x 100% (6)

AR, % 432k C3G MBI GKEF YRR BT AE B2 5 rh 4 i 351
257 (a)
—o— XfHHZH
—u— FS-241
20 —— Cs4

—¥— (CsFS-241
—— CoFS-241

—_
9]

—
o

/

1077 x BEIEEER A A / (CFU - mLY)

0 7 14 21 28
R 7 d
107 (1) —o— XfHRZH
—=— FS-224
—a— G4l
gt —¥— (CsFS-241

—— CoFS241

1077 x BRI FLAF %L/ (CFU - mL-1)
=)}

2 1 1 1 J

0 7 14 21 28
it TR] / d
30T (o) —o— XA
—~ —m— FS-24f
_ —a— Cs4l
8 —¥— (,FS-241
= /]
= 2 —— CFS-241
&
il
210
pac)
X
L
1 1 1 J
0 7 14 21 28

TEFRAS I /7 d
B ANFEEEIIRR U (o) B HREEERTE . (b) PR INFEFL
Fig. 1 The number of bacteria in different groups of yogurt
during storage. (a) Streptococcus thermophilus, (b) Lactobacillus

bulgaricus, and (c) total bacteria.
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Fig.2 The pH and titratable acidity of yogurt in different
groups during storage. (a) pH and (b) titratable acidity.
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