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HE B :bifidocin A & b3 REAFH BBO4 K& ey — AT A EHAmBA £, AEARRESR LY

GRAMGERBERBES, ARG ERIT@E L bifidocin A £ 5 B R B WA F o TR EHRTAE PR T
AT 7 ik A 50 mg/mL FLER 45 BRTE & (nisin) A AT R X E 49 & bifidocin A 49 R ) & m % (56,28, 14 mg/mL)
AL 32 2R3 At T gk B AL R 5 28 d M A A pH AR | TR R B E AR S E R A A R R B M Rk
P REFFIRARLTA, AT B 40 H & bifidocin A AF = 5 5 SR E S B AR 09 Wk 4 R e 28 mg/ml 40
7% bifidocin A 7T /£ 28 d M= 48 A g 4F 82 % T 110 °T,pH>4.2, % @ 4 & T 10° CFU/mL, B 88 45 K /) A 3 &
WRAM R ERERG, S#£.m18 % bifidocin A THH —FHRILBEREFTAORKG B AN mABE A
BR A7 F VAR F 3 S oh AT BUKE AR, R AR e A 28 mg/ml,
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SER AR R R LI B A AR R R AR
1 A= 0 9 R0 A R IR P 0 SR S A
% bifidocin A 7EBE B BIER Y5 A= = | Jin T B i i
R R AT AT, ASARSE DL N FLER e Bk T 2R
JgRFRRA , BEE AN E bifidocin A (R [E I8 N B
(56,28 ,14 mg/mL) &b B ZH | 3 2 ) 5 4 [ 7 R 1)
28 d WA Y pH A | T B REK T TE A
B TR R BT R K KRR W 5T A5 4 A AR
b, M b E AN T & bifidocin A X 72 i b 5 K E
JRCPE BE RO SE I, 5 A S OB FT T 20 R R B4 I A
TR S

1 #REGE
1.1 #R5EH

ERA amE
LB B (5%)

AR
iR

132 Rt 504 K5It 5 g1ab 8,
AP AR VS AT AT 4 TR 2R ELAX S A Ml 58 [ Y 2 05
REEF YC-350 4025 FIX A 7RiR G A E
FERH AN R B R 50 mg/mL FLR £ BR 7 &R
2R B XS BRATL s TR A & 500 ity b % o L
FFAE 403 % bifidocin A 40 W ACBRZH 5 Ab BE 2 5
WA 522 3 4. s dl, A2 bifi-
docin A Z &R R 56 mg/mL; TS N4, 4
3 bifidocin A 2 5T 5 ¥ i 7y 28 mg/mL; IR HS il
4, 47 & bifidocin A & B W E N 14 mg/mL,
N5 25 1 8 [ B R 05 T 4 IV, FEIERCER O,
1,7,14,21,28 K43 il A6 W0 FE & 1) 4% 48 b, 3222
345 . pH W 2 TR FE RE/K T TR B AR AR
JO R W B A P R ) o

1.4 BREZBRIIERNE R E

141 BEEBIFRYY pH E A E R HE R pH
Th,7E 20 CEIR T 203010 5 Z0RE 59 pH {E.
1.4.2 B[ YR 05 W iR o R BE A SR AR B2
T SO T A, B 8 o A I AT B 25 B T K
VENFFIAEA, 82 WA 1 mol/L 1 NaOH ¥ ¥,

Tl 358 [ R R 7% [ 3R Y =350, 7+ 22 BHIL AR
RE AT PR, FLERSEER A K, 5% Sigma 23
(10°TU/g) ; MRS MC #5573 | b 50 Rl £ AR By
A BR A 41 B & bifidocin A 44 (HLiG 71 5535
AU/mg, 20 95.3%) , A S 90 % 3 3253 85 $2 a4k
21 [ ROR TR | TR, T
12 NFE5EE

MCR 102 it 224X, % R A2 7] s TMS—pilot [t
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I, 23 BALERRHE A FR 2 7] 5 TSQ 8000 Evo
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VIR

FEIKT1 (%) =15 0 J5 UUVE W) o 5 (g ) /FF b Joi i
(g)x100"
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A b T P A i A TR AR R B0 2 ) B
JE B AGHEOH OB R SR 0L, FH MRS 35 5% 56 0 2 {3
IR ZUAT 836 T A, T MC 3 57 R 5 v Pk
BR PG TR AL, 37 CCHE 3R 36 h, TS BG4,
1.4.5 GEFETIRRIS AR R RO o R Tl
GBS} A+ R 338 B 23 S0 10 B8, B0 S T T I AR
KIS & b B BCELAR 40 mm 383k, 5 i B
25 °C, srHrisa =0 AR B3 N 0.01~10 Hz,
JH Herschel-Bulkley #4745 73 #7 .
1.4.6 T [ 70 R 7% o AL 0 I FH A A AT
TPA 431 . K EAE K 50 mm (ARG L 56T
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FEHE 90 cm/s, R IFIE 90 m/s, FEAEHEE 10
mm , 1% 91 B5 2 10 mm, fil &2 77 0.1 g, #3353 B 7 3%
CCRT AN S N R NSNS G T R i
A~ TPA 28,

1.4.7 e[ R PR W 4% Mk IR 4 Rl o2 B 3
o RIEFFEMET 15mL TP, A 3 mL
AN NaCl W, A 10 wL %4 0.001% TR H
Bk ) H B . E 40 CAF P-4 10 min J5 , A
B H ik E e (PDMS) £F 4 Sk A B, 40 CWE Bl 40
min, GC f##7 3 min, 3 F GC-MS 43#r,

GC 1R 43 i 7 AN 3 . B2 )7 FHIR 40 C
4% 4 min, LA S °C/min A3 E THE E 100 °C, 5%
Ja LA 10 °C/min (1933 B TH i 3] 220 CLEFE 5 min,
WA AR, WA E A 0.8 mL/min, JERE TR
250 °C,

MS Z 20 EL B ES 5, i FRE i 70 eV, T
22N 0.20 mA K ER 350 V, S A 30~
450 amu, & FIRIEE R 200 C,

2 HR5SM
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[Fi b B 28 o 405 75 I B aod 2 v pHL (728 1 155 0 4 T
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Fig.1 Changes of set yogurt on pH value

during storage
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pHE R 4.2~4.7, 25 [HAXT I pH {Hik 42 IR,
JERRACEE R, TR T N A 4 A A A
T pH BT B 22, JLH LTI 56 mg/
mL bifidocin A 241 F F¥ 8 N 2% , i pH K
F 4.2, H @0 28 mg/mL bifidocin A £H 5 7Rl
50 mg/ml FLR % K 7 2= 20 7t FE b pH {E T
Wit e S e 4
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oI i A B FH R JE A 80~120 OIS 25 ' Xif
HAEHE 28 KI, R EE O AL 120 °T, 5 iR fL Bl 4
TR, IO R TR A rh ek B 0 LR B
WAk SL o i TR, SRR RS BT, W 56
mg/mL bifidocin A 21 7] ji§ 2 FR FE I T & et Ry 1
2%, WM 28 mg/mL bifidocin A 415 ¥ i 50
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Fig.2 Changes of set yogurt on titratable acidity

during storage
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REDBRCEEEPEERNTN
N Tvi) Ak 200 T 0% A AL R ep O ) S LA
TR R IR IR K DA 1Y) T T B0 AR 0 4 i an &1 3 0
Bl 4 frox, HE 3 AH, KBRS ,56 mg/mL
bifidocin A 4b R ZH L i A1) 5. L AT B 1% 1 2500 AR
FHE 4 AAbHE 3R] RESE d U s B iR
(14 240 R 2 7 T RE W T R % A 7 AR I R S LA TR
G TR BR 56 mg/mL bifidocin A ZbFRAL4),
HB 4 A Ab 3 21 35 F B R 20 1 TR AR Ak
BT BB R T I TR & ST R LY
ik 7 d AR FEAAS 22 5 ZE Wi (K 3) X
A BE A YA I R W rh FLBE R E R R
7L DA T B R A TS K B A
V) Fr) 2B K, 7L PR 2 8 R ) T R T,
1173 B50T6 BB 5 0 ok BU A S () Ak B [ 3
oA, R IAE K IR 58 W5 25 16 B3 TR AR e
FHE R MANE R, B AR AT 5 5 5
DRI, UG A T R A TS 0 AT A [ R 0 R
e b LR B A B (B OCTE IR &S X R
AR 7 d J5 BT RWE T 28 d I I AR
Ik 2x10% CFU/mL, M0 7S 10120 T 2= Ak 23 20 375 T 2K
TR, Hod % 28 mg/mL bifidocin A 21 7
Jin 14 mg/mL bifidocin A ZH 5% 50 mg/mL ZL2
PR A R AL AE 28 d I 35 T BUCER 7R 5%10° CFU/mL
KA BRRE FENHUET I 2 B0 B 2H AR T TR
B, AR RS BN 28 mg/mL bifidocin A
ZH W 14 mg/mL bifidocin A 4 5% 50 mg/mL
FLIR Bl 1K TR 28 4 TR BT 0 T s e R, B
Pl 4 T, R EESS RIS W8 PAEE B T T T B I T
PRI ZUAT B, T A0 g i v AR Ak i S Ak
5 RN A LA TR AR —
24 BREZBHCEIEFFKANTH

P 5 T Sk AN Ti) Ak B2 6 (7 75 8 05 A 0 R 3k
FEHHREK AR AR A 0, Fh T 0 i I i) (7
TEA AN TR] Y Ak BREH H5 7K IR AR A T R, b LA
25 PN HE AR [ e ol B G, ZE ISR 28 R HF K
F1/NTF 68% , ™ T FL T [ AL R 5 1 11 8%, R
28 mg/mL bifidocin A 2 I F5E7K 1 A8 Ak 5ol 2218
I 6% 1 S A RE 7K 0 2R A6 AR K IS 28 mg/mlL bifi-
docin A 215 50 mg/ml. FLFER4EER 7 K 241 #5 7K 7178
feta B 33T, 5N 14 mg/mL bifidocin A 2
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Fig.3 Changes of set yogurt on viable counts

of Lactobacillus bulgaria during storage
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Fig.4 Changes of set yogurt on viable counts of

Streptococcus thermophilus during storage
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Fig.5 Changes of set yogurt on water holding

capacity during storage
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BRI,
25 BRERBRYTEIERPRESHNETL
55 K H Hershel-Bulkley 1527 734 7 A [A]
Aib $HLZH 1R 7L A I AR SRR B A5 R LR 1, AT
LAFE 4 FpRE ol B MG R 098 T 0995, KW
RERL PR T
Herschel-Bulkley #5735k
JERIE S 7o = 7=k 0

AT LA 7S R il B AR “E M T2 2 <] I R
ABRIBE A 5 25 n>1 B AE SO KB PR AR
P 1 L AR A WA R — (BB R AR n (3N T
1o RMBEE nso FEAE B VTR Ky 300 57 A b
R IEE

o e v 2% 2 R Y i R N A e R
el /IN ) A A o T R g (L A AR OGP ]
TE TR e T O (] 5 R 473 14 RS 32 G 384 R /)

A e ——80 U1 ) Pask——B R B8, MBI RBAMBNRERE, SAWERBEL
Pa-s";r'—— BTN o7 n——U S AR PE TR R AW (P>0.05) , 1t WA [R] A 2105 5E 15 24 1% 47 5

TR 1 Je I N7 3 e i X A A A A ) 5
JSE T3 85 NI AR R AR AR AN R AR TSl 2 5
JIHE R F e FE S AR A T AR S, M A9 i 5
{EL BT JO7 71 Bk R it M 64 IR IS T, Y 7o 27 IR
AT R A8 B n 38 X AR AR (n=1) B9 O 2 72

VIRG AR 0 R PR 52 0 AR K ot 72 v 25 2 R W5 1Y
FUBEA TGS, (H&HZ R UH T
B 22 5 (P>0.05) , DA 25 3R IR 40 1A 2K
TSR R R TR 0 1) AR 2R R

F1 PEIETFRERBRNRTFSHOTN

Table 1 Changes of set yogurt on rheological parameters during storage

ez 7%, B 18] /d #

Herschel-Bulkley #% 7

!
59

JEIR L F1 7o/Pa % k/Pa-s” FFE L My/Pacs MK FZHR
0 A 3.69 +0.15 0.524 +0.03 235.62 x 11 1.000
B 1.453 +0.06 0.715 +0.02 182.88 + 20 1.000
C 1.126 £ 0.13 0.23 £ 0.06 218.22 £ 17 0.998
D 1.009 + 0.03 0.338 £0.15 216.53 + 14 0.998
E 2.405 +0.28 0.459 +0.07 148.48 + 22 0.999
1 A 21.604 £ 0.43 0.165 + 0.06 344.69 + 20 1.000
B 9.137 £ 0.08 0.355 +0.08 317.865 + 4 1.000
C 1.256 +0.14 0.527 £ 0.01 208.415 + 16 1.000
D 4.724 £ 0.32 0.213 +0.05 280.8 + 24 1.000
E 8.265 +0.12 0.197 £ 0.1 412.325 + 10 0.999
7 A 21.862 + 0.09 0.150 £ 0.05 223.03 £ 16 0.998
B 18.339 +0.26 0.142 + 0.04 247.515 + 14 0.999
C 24433 £ 0.12 0.116 +0.03 244225 + 19 0.998
D 26.836 +0.23 0.108 + 0.07 24334 + 11 0.998
E 21.183 £0.12 0.101 + 0.06 226 = 19 0.997
14 A 18.669 + 0.06 0.461 £ 0.1 194.94 + 1 0.998
B 15.131 £ 0.23 0.188 + 0.04 196.44 £ 6 0.999
C 16.736 £ 0.11 0.267 £ 0.01 19293 + 8 0.999
D 1.895 +0.04 0.884 £ 0.05 194.61 = 16 0.996
E 0.989 +0.14 0.665 +0.02 205.15+9 0.999
21 A 16.85 +0.44 0.100 = 0.01 19494 + 11 0.998
B 9.545 +0.15 0.150 £ 0.05 196.44 + 2 0.998
C 8.694 +0.16 0.158 + 0.04 19293 +£5 0.999
D 9.272 +0.31 0.167 + 0.06 194.61 £ 5 0.999
E 9.957 +0.24 0.110 £ 0.01 220.59 £ 23 0.997
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(xR 1)
‘ ] Herschel-Bulkley % 2
e 5, B 18] /d # 5 : . ;
JEIR A1 7/Pa B E % k/Pa-s" FFE L my/Pacs X AZER

28 A 13.732 £ 0.03 0.193 +0.12 178.455 + 12 0.997
B 6.101 £ 0.23 0.265 +0.11 185.265+2 0.998
C 5.39+0.09 0.333 £ 0.05 207.195+4 0.999
D 8.36 +0.11 0.187 £ 0.05 204.07 £ 13 0.998
E 8.458 +0.18 0.206 + 0.04 224.055 + 11 0.997

1 :ABCDE fREARFEALFELA . A FR/REM 56 mg/mL bifidocin A 4 ;B F£/R WM 28 mg/mL bifidocin A 41 ;C F/R A 14 mg/mL bifi-

docin A 4 ;D F/R RN 50 mg/mL FLAREEER T E Fm 25 L% RAL,

2.6 EEZBRPIEISREPREHOETL

TPA 2 25 5 WK, e [ AR 15 I i 2ot A2
A AR il B TG P T ) S R B
P ME S A BT R AR R, S A
FEGh Z 8 G 8 35 22 5% (P>0.05) , DL E&5R R R
T2 TR 2R A oA A W 1 R T 0 1 o R R
2.7 gk [E BB O3 T A2 FhE & M KUK 9 R Y
T

e 2~3R 4 TR R AN [ Ak B2 B [ R R 45 0
JE1,14,28 d J5 45 & 1 W 5 R RN a0 2
ORI UAE W R S i RARTE 14 d B 1
TF2 45 = #0057 28 d FRE, X T8 IEb &
Y K T 32— T W IR 2- PR 2-T
i 22— 2— LR, R4 Hh R AL A 4 — R
ANt G T R 5 B TR 114 4 i LA Bk A 4 e AR i
A 3-FE -2 T R 2T T 2 3 A AR 1 32

TERAFS T L bR ) R ) oA S I 2
CHEOWE H TR O R, HAE R 28
d 5 AR ok, B o — M TR R
I 2 ot 2 A 38 s ST I 7 2 SR TR B2 )
B F1 I (LA e, i AR &2 e L XU ) 52 Wi 52 A1 240
RBEFLPA I B BRI A SR TR, CIRT
B,HALTE 14 d & m R, BRI T8 KRR
8%, R 25 W) I e 4% 1 R 43 11 JRR S 0 98 A R
TIVHAR 2 1 T LA AR UK Y £ 2 B>, 7
FE PRI R N TR TR IR LR RIR
e Ah IR AT H 2R Y R AT A ) 5T X B[R] s A0
FATRIALBRAL , W8I0 56 mg/mL bifidocin A 41 ¥
Jn 28 mg/mL bifidocin A 20 1 I 50 mg/ml, FL
MREERR A R AP, A R IRIIE RS
FREZ T HEAMH (P<0.05),

x2 HERBOFEIJEELEWROME

Table 2 Types of set yogurt of volatile substances after storage for 1d

aE/%
Rk B il
A B C D E

3-# K -2-TH 0.0226 0.0108 0.0104 0.0121 LEES
7 &R
2% BR 0.0227 0.0173 0.0155 0.0170 0.0151
2-F R 0.0067 0.0054 0.0047 0.0052
2%, BR 0.0051
2- T ER 0.0170
LR LB Aig k&
LR T B 0.0019 0.0011 0.0009 0.0017 0.0009
R BR 0.0110 8
23-2 &L AR 0.0015

TR
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(&% 2)
5F%
Wk i EZl
A B C D E

Tk 0.0091 0.0110
Fiik 0.0033 0.0035 0.0028 0.0007 0.0028
ok 6% 0.0000 0.0015 0.0001
¥ B A £
2-T A TE
Z VAT
T8 0.0107 0.0073 0.0080 0.0056

¥ :ABCDE fRE A AR . A R/ARTRM 56 mg/mL bifidocin A 41 ;B F£/R# M 28 mg/mL bifidocin A 4 ;C F/RIFE I 14 mg/mL bifi-
docin A 41 ;D F/REM 50 mg/ml FLIRHEEK B 2 B 2R 28 FIX R4,
®3 RENBRPTE14dFELZEYRHGFE
Table 3 Types of set yogurt of volatile substances after storage for 14 d

Wk 4 R x5
A B C D E
3-FA-2-TH 0.1731 0.1771 0.0399 0.1638 B %
7% B 0.2572 0.1283
2 B 0.2783 0.1549
P 0.1881 0.3160 0.2344 0.2042 0.3602
2- % BR 0.0412 0.0857 0.0458 0.0796
2- T A
B TS 0.0164 0.0336 B %
T T By
R S
2,3-—ghAmB 0.3176 0.1282 0.1573 0.2752 0.2256
T 0.0105
T
F R
B _6-F TR 0.1275 0.1643
5 F B B %
- TE
Z AT E 0.0107 0.0073 0.0080 0.0056
Tom

¥ . ABCDE fR £ AN [FALFR . A FRIFEIN 56 mg/mL bifidocin A 41 ;B F/R UM 28 mg/mL bifidocin A 4 ;C F/R WM 14 mg/mL bifi-
docin A 4 ;D FIREN 50 mg/mL FLRRBEERE R E FoRas X IHA

x4 BRERBPCRE28d FELZEYRAFE
Table 4 Types of set yogurt of volatile substances after storage for 28 d

& E/%

Rk ¥ i % 5
A B C D E
3-#K-2-TH 0.0105 AR 2
7 A 0.0395 0.0437 0.0743 0.0395
2- & R
21 0.0675 0.0956 0.0267 0.0675 0.0980
25, B 0.0175 0.0219 0.0313 0.0175 0.0280

2-TER 0.0062
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(5= 4)
Rk F G il
A B C D E

LB B A k&
LR T By
R RS
2,3-—H KRR 0.2936
TR 0.0051 0.0053 0.0091 0.0051 0.0065
TR
Fr
b —6- A B
5 F B 0.0176 0.0344 0.0176 0.0159 LS
2-Z AT 0.0562
VAT 0.0085 0.0059 0.0051 0.0085 0.0014
T =% 0.0001 0.0004 0.0003 0.0001

4 :ABCDE fREAR[EALFEL] . A FRRM 56 mg/mL bifidocin A 4 ;B F£/R WM 28 mg/mL bifidocin A 41 ;C E/R A 14 mg/mL bifi-

docin A 41 ;D F/R TN 50 mg/mL FLRREEER T 2 E Fm 25 (A% R,

3 %it

AHIFFEAE T Ml B [ 28 R % 2 T 0] R A | 43 il
TS 0 LR 5 BR TE 3R FIHT B A T 40 TR & bifi-
docin A, 38 33 X HE A A A R b B 2H I 28 d i 2
TR pH FFK ) AR AZ AL DL R
JEAR AR AR K g  BRG ME |T AR R B AT e
KRy Jis A8 A, & BLES TN 28 mg/mL bifidocin A 21
5 E et A A H 20N AT RSN 50 mg/mL FLIR
S BR T 2R 2H X0 BE [ Y TR % e TR A 1 4 1 A5 e oy
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Abstract

Effects of Bacteriocin Bifidocin A on Quality and Storage Performance
of Set Yogurt

Qiu Shuang'? Song Zheng'

Zhang Jinglin'

Wang Luolin'?

Liu Guorong” Sun Baoguo'

('Beijing Advanced Innovation Center for Food Nutrition and Human Health, Beijing Engineering and Technology

Research Center of Food Additives, Beijing Technology and Business University, Beijing 100048

ZSchool of Chemical Engineering and Technology, Tianjin University, Tianjin 300350
*College of Life Sciences, Capital Normal University, Beijing 100048)

Objective: Bifidocin A, produced by Bifidobacterium animalis BB04, is a novel bacteriocin with antimi-

crobial activity against a wide range of foodborne bacteria, which can be used in the processing and storage of food as a

natural biopreservative. The study aimed to investigate the application feasibility of bifidocin A in the production, pro-

cessing and storage of set yogurt. Methods: Set the different concentrations (56, 28 and 14 mg/mL) of the bifidocin A

treatment group, controlled by 50 mg/mL nisin. The effects of bifidocin A on its product quality and storage performance
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were analyzed by measuring the pH, titratable acidity, water holding capacity, the number of viable counts, texture,
rheology, volatile flavor substances of the set yogurt during storage for 28 d. Results: Adding 28 mg/ml bacteriocin bifi-
docin A can maintain acidity < 110 °T, pH > 4.2 and viable count > 10® (CFU/mL) during 28 d storage period, and the
water holding capacity of the yogurt and the volatile flavor substances are significantly improved. Conclusion: The bacteri-
ocin bifidocin A can be added to the set yogurt as a natural preservative to replace nisin to improve its product quality

and storage performance, and the optimal addition amount of bacteriocin was 28 mg/mL.

Keywords Bifidobacterium animalis ; bacteriocin; yogurt; quality; storage performance
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