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Effect of TGase and laccase on the quality of probiotics yogurt
LI Si-ning, TANG Shan-hu”* ,MAO Meng-lan, HU Yang

(College of Life Science and Technology ,Southwest Minzu University , Chengdu 610041, China)

Abstract: In order to contrast the effect of adding TGase or laccase on the sensory quality, protein cross—linking and texture
change of bifidobacteria — yoghurt. The rate of change of free amino groups, sensory scores, texture charateristics, apparent
viscosity , protein bands and microstructure of the enzymatic cross—linking probiotic yogurt were measured and analyzed, and
adding ferulic acid to improve the quality of lactase yogurt.The results showed that the rate of change of free amino groups, the
sensory scores and hardness value of yoghurt treated with TGase were significantly increased (p < 0.05) . Gumminess,
cohesiveness and apparent viscosity were increased and then decreased(p <0.05) ,and no significant difference(p >0.05) for
adhesiveness was found with increasing addition of TGase.The optimal addition of TGase was 1.8 U/g. With elevating addition of
laccase, increasing and then decreasing trends for the rate of change of free amino groups, sensory scores, hardness,
adhesiveness,, gumminess, cohesiveness and apparent viscosity were observed (p < 0.05).The optimal addition of laccase was
0.3 U/g. The sensory and qualitative properties for laccase cross—linked yogurt were significantly improved(p <0.05) by adding
4.5 mmol/L ferulic acid.There was a shortage of B—lg in all yogurt.Protein bands of k—CN and 8—CN of yoghurt treated with
TGase disappeared ,and new proteins formed , while compared with the control and yogurt treated with TGase, protein bands of
yogurt treated with laccase or with ferulic acid and laccase were significantly widened about 14 kDa of molecular weight. The
three—dimensional network structure of yogurt by enzyme crosslinking became denser than control. Yogurt treated with TGase
had more uniform distribution of particles and more compact network structure than laccase cross — linking yogurt. And the
addition of ferulic acid was able to make protein micelles of laccase cross— linking yogurt more tightly packed together.
Therefore , different types of enzymes had different catalysis on milk protein cross—linking, but all improved the sensory and
edible quality of yogurt.
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1.5.3.4.5.6.7.5 mmol/L AP BRAL . 1 UiF B e kAT
bR R R M L 2 BE X R S B R 5 AT 4y
BT, W 2 BT B R i BB s i

ML B 3 A28 0 1 TG B 38 i | 0] 2R R
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PRUEHRW S 6 mL 4R RX —H IR & B4,
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25 mL . 10% + — ke 3Lif R EN 2.5 mL . B— Fi 3k L BE
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BUS BVE BIFR IR &L 2.5 mL, 4350 A 5 mL i 5043
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Table 1 Score card for fermented milk sample
i H Rk ()
FLA®, AL, okt 15~11
aRES U@ I A AN B 2 10~6
PO A, A W 022 5~0
TCFLIEHT T R 5 30~21
s CRASR AR,

R 3
FUBPT I AR, AR/ R 10~0

FRFE H, O 40~31

. PR/, 1AM 30~21
HEE N e

PR/ H, E1 g FL ks 20~11

IR/, TR RS 10~0

LU 15~11

SR ZER/LE VS 10~6

WA IR 5~0

1233  JFify Al S EHLa " i)k A/BE
WSS SR R4 AR 35 mm, HOME S 80M IR
SAZ AT HF O 1.0 mm/s 5 M 2 : 1.0 mm/s 5 ]
JE A :10.0 mm/s ; ZE 7500 B - 30 mm; il & AR S
(V. 7) : Auto—10.0 g,

1.23.4 FWZEEEE A RVDV—II Ulwa U 5E 54 25 5
THI E R W 0 B EAE, % T O RVS, I E
2.5 r/min, $15H 10% ~100% , M 2 0[] 30 s,

1.2.3.5 SDS—-PAGE =% Laemmli"™ [ 77 B - W/
B2 WA DU P 0 7 8 22 2 P DM )& 4 5 mg/mL, HX
50 pL W F 1.0 mL 2.0 b 588 5 LRSS b i
1 RE 250, B /K F3% 5~10 min, 12000 r/min B
> 10 min, BRFEAEEHEIORL, g WH T HRIK T
FAARI AL 28 DAE, AL BEFEE Y 10 pl; B 5 7E
80 VHL R #EATHR AR , FF T 195 Wi T Vi 32 A 43 25 S s
FEZ 120 V, FEIR M IR B T 2% 0.5~1.0 cm B2
VKo SRJE T EE VKBS 325 AT YL fo F i €2, R 25 2 s
R-250 4L A XTI YL £, 0.5~1 h, B4 s 3%, 3 h
JE e — R B, 5 24 h, B A0 T LT S
058 G B 25 o8 1F s B e FHZE /KIS VA 7% vk 2,18
TRAF . SDS—PAGE 5355 Fe Rl 46 e il 43 W3R 2.6
123.6 fHOWSEH =% D P g or el . HZ
REPRE RS 0 B EE B T, BCAE 2.5% B I
WA, T4 CHRHE 10 h, FH 0.9% g4 FREL K IE BERE

2 SDS-PAGE 7y BB AU B 73
Table 2 Composition of separating and stacking gel of SDS-PAGE

AR (5 mL) M4t (mL) 3B E(12% ,10 mL) Fiig (mL)
ZRIBIK 2.77 &K 3.2
30% TR Hs BRI 1A T 0.83 30% TR Tk R VA 4
0.5 M Tris—HCI( pH6.8) 1.26 1.5 M Tris— HCI( pH8.8) 26
10% ~+ —J5e SETE TR M5 W 0.05 10% SDS % i 0.1
10% 33 B BR VR 0.05 10% 334 B B 4 V5 T 0.1
N,N,N',N'- Py 7, — i 0.005 TEMED 0.004
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10 h(J&EE-55 °C,J&J] <0.1 MPa) . >R FHE 7Kk 4)
AR A I, LB 25 44 I 5%

1.3 EHEALIE

JIASEYG R 3 RIS, G5 R AH x £ SD &
7N FH SPSS 21.0 4TSGR 43 #r , FH B 3 5 2245301
(Duncan) , K £ 40 B 28R () 22 7 W25 M p <
0.05 A2z 5t E K,

2 HRENG
21 HERETHE

LA B8 2k R B AL B, L 340 nm &b 19 W G (E
TN ARASPRUE IR, W GME Y S s sk B X 19
Ze MR Y =0.0018X +0.0171 , R* =0.9972, £k 4 %
F R4, W LA FRE S i B 2 2k (SR ) e
3 3 U S A S AR R A A, 15 3] TG il AR I A
BXFR WY B8 S AN L B UL 3, B BRIR + 4 eSS R R
W BS A AR LR WA 1,

F2 3 A, & TG W2 BRI, PR 05 00 T 725 2 3%
AR E W EA T (p <0.05), 24 TG [ &
S 1.8 U/g i, B g e 78 A S AR fL R AA ) 67.42%
ZJEEHIN TG P H &, IS 2 3R AR b 300 W 35 A 1k
(p >0.05) ; B MEASHR G , TR W5 B Ui 5 Al S AR (L R 2
S b FHE TR AT A HE Y 0.3 U/g B, iR
W R U e E L i, BLEE T HAl B TS
T JHIEAEIL R (p <0.05)

3 RRIBEESCH R A AR

Table 3 The rate of change of free amino groups of

different enzymes crosslinked yogurt

TG Nt WFEEE EREINE iR
(U/g) AEE (% ) (Urg) AE (% )
0 0.00 +0.00° 0 0.00 +0.00*
0.6 29.34 +4.31° 0.15 32.38 +1.56"
1.2 5491 £2.40" 0.3 51.18 +4.62°
1.8 67.42 £2.84" 0.6 36.43 £5.92"
24 70.78 +1.64" 0.9 35.72 +0.29"
3.0 70.95 +6.11° 1.2 18.17 +4.20°

VL ) AR RS 6 05 25 5 0 (p < 0.05) L AT/
B R R B (p>005) ;32 4~ 8 i,

L PET 1T A A A I (iU 5 BT
TR VS IR 1 900 8 17 0 97 735 2 725 e 3 S 1 K
JE RN, 2 BT B S Rt 4.5 mmol/ L, W 4R 85 T
S RS I I 1% PSS I R EE (p < 0.05)

FiE 5 26 0 ORF LA T B T 1 R 0 4 1 R
SEVE. TCIE RIS I 7 2, S R L B 5 I 1Y
Fip— 26 {4 002 0 45 B, 203 T AR 3 PR P E
TG MSEHE IR I S I , HE B 10 5 e 2 0 = 2 (19 26
[ A o 205 235 A 24940 TG i ()-8 -5 RS 40 1 P 5
AR PR I, 2 1 0 1 i 5 S 0 P 1 %)

122 20184 5 084A
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R 2 7% 7% 0 £ (mmol/L)
PUL BTRRIR + el S IR R Wl B e A %
Fig.1 The rate of change of free amino groups of
yoghurt treated with ferulic acid and laccase
ARV NG FRFRIR 2257 3% (p <0.05)

HAR/ING FREFRIR 2257 A 35 (p > 0.05) 5 [&] 3~ &1 4 [
MR, SSIESXE A AT . ER, T TG il 5 4
PHE AR PLE O AR 2 H0E . S
IR B A A S K R 1 T I 2 TR Bk 2k L Y SR ER B
B A B G A . B A X R AR AL L
HERBEAT T, R BERMEfe M LE R LA T
) Y SRSV o Wang " 41T 705 771 k(140348 il 2 1 4 1
AR A AR, 3 AT BB S T B il S IR R W il A% i A
JHAR SN S AR 25 R R I . RS A S
A AE LB A 52 A%, HAAR S Gnfe] 5% i A= 15 35
F BT A SR DA e — 2P TS
22 BEEEM

TG it B Wi SRR W8 V- WL 4, BT ZR IR +
BTSSR PR W IB B P ULIET 2.

I TG B2 IR Y™ Az vk, o B A% 742 il Il
TN PR WS BEFL 4K, LG B ad 22, A s . ik
4 nJ g, 2 TG Mg A2k )m , B TG W H & Ay 34, 1R 05
BB A3 03 Se 1 RS v/, B A Sy 1.2 1.8 2.4 FiI
3.0 U/g BRWSHVEYE W 253 A B35 (p > 0.05) ; 28358
WS Y00 i, il A Tl P i X 3 o, 1R 40 ) SR A 4 Se 1
KIF v/, s 0.3 U/g i BB W0 e 25
THAhIK-(p <0.05) ¢

K4 ORIFEG SRR W BT
Table 4 The sensory value of

different enzymes crosslinked yogurt

PR

TG BN i

(U/g) BB S (U/g) BT
0 69.56 +2.22° 0 69.56 £2.22°
0.6 73.28 +4.24™ 0.15 73.67 +1.00"
12 75.06 +4.51" 0.3 80.33 +1.73"
1.8 75.42 +0.25™ 0.6 76.89 +1.64"
24 81.28 +5.20° 0.9 76.78 +2.52"
3.0 78.61 +4.00" 1.2 7422 +1.54"

FHIEL 2 AT, S8 n BT 2108 = , Refs i 35 0035 IR
FYEE (p <0.05) , {H 2 3 5 s 0 ] 20 iR 2 fd 25 B AIK
BEMGSC R IR W i /B E (p < 0.05) , 5 28 R AR B B iR
BshnE >~ 6 mmol/L Fl 7.5 mmol/L B}, B2 45 (4 5 b A%
4 SERLEREAE 25 M T SRV I 4.5 mmol/.
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Bt 73 SR R B - U, ELES R T S 0.3 Uy I, B 32 i 6 M il phy 3
90 ; P 2 s T LA K SF 5 R P 5 T LA K, 2
sp . } R TG R B B G T Y 1 B e
ool o 2 FIDRE 5 P
R F2E 7 I BT R S I T A i
%75’ . BT, 2 S I 1 Y T R e TR M L PN P Rl B
T70F =, PEHI e 1 TR T W, 25 6 45 FE ARG S, VB PR BT SRR 7R
651 ’_}_‘ HnE-~ 4.5 mmol/L,
0Ll ; ; 24 MTEERIMEMEE

0.0 1.5 3.0 4.5 6.0 7.5 9.0
Fif 2 245 0+ (mmol/L)

2 FTBRIR + SRR Y RCE VAN

Fig.2 The sensory value of yoghurt treated

with ferulic acid and laccase

Bty
TG Vit FIEE g A2 16 R W5 1) B AG A P DL 3 5 Fn i
6, B ZRIR + A Mg SCHR R WY A AR UL 7

S nl 0, B TG B 7 & B 38, P 2R P
A2 (p >0.05) 5 TG B i < 1.8 U/g, TG Hiff
SRR WY i A8 B2 | B2 6 1 Mo pli SR e I 3% BT (p <
0.05) ;TG BN & > 1.8 U/g, BR WY Y6 )& | Jic F 1k
KORY BREVEAS [ A2 BE ARG o

P 6 AT, it 748 T fol7 FH - 100 35, 4% il 52 TR 12
WAL | T Fh PR Rl SR A AT PN SR A 4 S G O vk

2.3

TG B AR B AR IR W F LN UL 8, BT B IR +
TRl SRR WS LA L UL 3 o

re 8 nl g, 28 TG W AN W 52 R e, IR Wh 10 3R
XLZE VR 2] SE 38 R /e AR BRI AEAL R, PR W5 i 3R
XL ZRH V2 35 R T A S P B S IR AR K SR S
Wy, A ER BT Y 3 B, DA T B0 iR W i
JEE T AR ek R SR S A R (14 7S TR 4 A i T R
P LR 5 R NI IAARG 1 R

H IRl 3 75 Y, 7 5 s il e A (T i s, B A T
BRI AN AL A, R W B SRR BE R BTHE R
FER S, BT U G 4.5 mmol/ L, iR W5 5 WL
FERE R BRI BRI ) A7 A A 493 L 8] P Jo S P 7 32 1
I, KAy TR U FEER R

2SS RS R A e SN S I DR i PN E U ]
BEAFFEAR , MEPERG SRR WY TG AN M A &

#5 TG MEsCHRIR Y Bitl

Table 5 Hardness, gumminess , adhesiveness and cohesiveness of TGase cross—linking yogurt

TG figffi 4 (U/g) i (g) JEFE (g) RESIEED) R M (m])
0 338.854 +34.495" 7197.601 +81.886° 134.905 +2.846" 287.247 +4.764°
0.6 393.099 +2.827° 8110.414 +668.665° 137.365 +20.223" 297.880 +4.356°
12 458.085 +34.564" 10415.534 +769.937" 143.522 £9.626" 311.573 +10.439"™
1.8 517.097 +47.779" 12921.155 +728.210" 152.388 +10.102° 348.813 +33.109°
2.4 492.344 +21.652" 11148.934 +617.699" 156.548 +6.273" 338.177 +23.189"
3.0 502.272 +5.609™" 11344.866 + 1145.465" 157.556 +21.271° 287.077 +2.078°

6 M SCHRIR YT

Table 6 Hardness, gumminess ,adhesiveness and cohesiveness of laccase cross—linking yogurt

B (U/g) B () JEFE (g) PERTE(g s) KA (m))
0 338.854 +34.495™ 7197.601 +81.886" 134.905 +2.846° 287.247 +4.764°
0.15 374.112 £20.522" 7215.739 £274.211" 139.111 = 1.100" 289.525 £0.517*
0.3 440.565 +50.651" 8260.173 +912.468" 154.265 +5.386" 305.689 +8.879"
0.6 294.519 £11.917* 6820.953 +249.473" 145.613 +7.353" 287.666 +25.161°
0.9 267.251 £15.517" 6177.592 +305.424° 133.535 +6.810° 281.852 +18.250"
1.2 215.481 +10.629° 4916.460 +350.651" 107.362 = 1.308" 218.720 +13.298"

KT PTBLIR + BB SCHRIR W AL

Table 7 Hardness, gumminess, adhesiveness and cohesiveness of ferulic acid and laccase cross—linking yogurt

FAJ B RR 75 M e ( mmol /L) E () JEFE (g) NP (g-s) R (m])
0 440.565 +50.651° 8260.173 +912.468° 154.265 +5.386" 305.689 +8.879"
1.5 446.769 +13.259" 8545.536 +461.334" 153.443 +1.378" 325.466 +4.167"
3.0 496.152 £7.052° 9566,/740 +590.372" 155.104 +1.720° 336.878 +8.161™
4.5 485.518 +8.171° 11232.959 +767.000° 156.521 +0.189° 366.273 +55.093°
6.0 350.155 +52.864" 7716.170 % 174.050 148.748 +1.100" 253.453 +12.957°
75 322.114 +48.531" 7170.823 +200.028° 147.044 +3.142° 253.970 +39.013°
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Table 8 The apparent viscosity of }gg
different enzymes crosslinked yogurt 1(;2 : —' e —
TG EgAS IR  FRWFE  EWAnE RUFE
(U/g) (cP) (U/g) (cP) ” i —
0 65520 + 1211° 0 65520 + 1211" porL 4
0.6 68467 = 1276° 0.15 68653 + 1535 e
12 71657 + 585" 0.3 72600 +7550° 3
1.8 77587 +1560° 0.6 64300 +1420" Sl EE A
24 77260 +2442° 0.9 61427 +5786°
3.0 72253 +1858" 12 46840 +3355" Bl 4 OR[FIRGEAEIE £ A R W) SDS-PAGE [l 7%
80000 - Fig4 SDS-PAGE pattern of
78000 I i different enzymes crosslinked yogurt
76000F b . L BTZRAR ;2 . 26 19 marker;3 . XF 84, TG B (1.8 U/g) ;
Sraoof | o[ 5 (0.3 U/g) 56 FTBLN + (4.5 mmol/L) .
% roocol. | | 26 ETEBIBHNLH
= oso00f P A ) G 5 T 2 2 4 101 08 45 g HE 77 900
66000 - [ EFE ST B 1 FL B B LI 5, BT AR A B R
64000 J RAZEIE 2Ry 8000 1%
62000 :

OjO l.l5 3.IO 4f5 6:0 7..5 9:0
Bl 258 2 7 Jin e (mmol/L)
B3 BERRR + HRASC R R 0 3R LA
Fig.3 The apparent viscosity of
yoghurt treated with ferulic acid and laccase

5390 R 1.8 U/g F10.3 U/ g, B g A2 HR R 475 v, ) 2192
M EBAERR INE A 4.5 mmol/L,
2.5 FEXRBEERY) SDS-PAGE

TG T 42 T 52 K 25 A Be iR 45 SDS—PAGE &3 I
B4, ZLhE A FEABE A S E A FLUE
T BRIETE B, & il 2.8% ~3.7% o 1B Al
15 a—fE A H (a—CN) B-FE&HE H (B-CN) k- H
(k=CN) Fll y—PEEE 1 (y—CN) , Hrft y—CN 23 iE
H S fi# B—CN =AY, SEBR ERLP S8 A AT 3
FhISTY ; B &5 11 5> F &5 fF 20~40 kDa, 2L P
31 kDaju [l FLIEEAEF a- A HEH (a-1a) |
B-FLERE M (B-1g) IMLyEHEH MFLERE A SE, 54
SY PR ST SY R 14 (18 166 F176 kDa'™! i [&] 4
AT LLE T A TR WAL S 1Y B-1g S5 ERIE R T, X —
IS ] B2 F T BUBE AT X B BT R R S s, B
R R Rl — 2B 058, 5% IR (PKkiE 3) K 3R iR
Wy (VkiE 5 F16) ALY, 28 TG M ACBR /5 , TR W) (PkiE 4)
AFEAE k—CN F B—CN Z&f , M2 R T #H & H
JE, 53 TR AE 55~68 kDa, 5 B LY R4S — 5L,
Rl B UE T W 8RR TG Y AT ™ 5 5 s
InBERER (PKIE 1) A8 b, S BR B RS R S, B MR Y
(VKIE 5) BB BRIR + Al IR 0% ( UK3E 6 ) W2 M o 4%
WA KA, B 5XF IR (VKB 3) F1 TG i
P2 475 (DKAE 4) A L, EERERR WS (VKIE 5) M BZRIR + A48
BERR WS (VKB 6) 43T 7E 14 kDa fY%E H 4507 I B AR
TE,RUTERERM . TBRBRAIEHT, 2 b —2 b
a—la TH/NG3F- 1 B & 15T SR AR Al TR B9 8 1 5T, BT
HHEEM S F=TE 14 kDa [T, Xt iF— 2 Ui 3
T B 2R A E FH B /N FRLE .

124 20184 5 084A

S RN [RI G AR £ A4 T R % 41 4t R B2 141 (8000 x )
Fig.5 SEM photographs of different
enzymes crosslinked yogurt (8000 x )
?_I:_:A:Xd'ﬂﬁ;B:TG @@@%(18 U/g) H

C:ERYI (0.3 U/g) ;D BTELIR + B EEIRY) (4.5 mmol/L)

HIEL S AT 20, BT AT BR W5 B N AR I il T — 4k 57
1AL 2, T A 1 I 2465 45 A% 08 2 Bl RO I 4 11 e
PRHERINT R, 117 H BRIE P 3 B RO B = 4 ) 2%
2K LU B NG 55, i T AR WY A RS B AR A — A
PR A SRR, R R SR FR b AR R R T
(5] £ 7 HL T g i 20 A R T B IR 4 48 B T R,
SRR 8] R 7GR Z A 28 N R T A B A 2
LT RT3 ML i HE S A — B T B R 454 5
AR 53 S22 D) A 1) 7 Jor [a] 1 S8 eV T, 35X
Sob FHE R S SR AT T 4 I 4% s A AR A R i

TEXT BRPR WAL fih (A) vh, JBORL ] 25 B 55 22 HL 4%
K, 2B RN AT AE 0~T o, JE 8 B 9 285 245 44 52
AL 5 28 TG Pl M SR PR WY , — 4 I 25 25 44 A A
HUE OB R] A9 25 BRI S5 AR AR W . AR T
BB SRR WS (C) , TG B SSHRER WS (B) B9 AL K |
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FITEAR RAR b e e 17 e 7K o L B dy DL K i AR 24
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R4S T X TR 4% F14) 52 B R IR . JOR A S 2 UL 28 3 AT ik
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3 #ig

X b TG Bl S Al 25 109 85 1 S8 I RUES FT
T 2 2 TR IR A B A S AR AL R R TR e R
WL BE S ), A5 3] - TG 14 11938 16 347 e fi% W] b 42 5
P2 4% ) U7 S R o ek, A TR U ) R R L TR A A
Pho 4 TG W EEEEHE S50 1.8 A1 0.3 U/g i, ix
AR A5 04 25 2R TR IR W Ui B L o 2 JRVE T
T 2 WU P Bl o AN BT BRI I S 4 25 T S S e 1R
WA IR AR | BT BRR A0 i V8 0+ g 4.5 mmol/ L.,

TERAE T TG il VA1 B BILIR 1) e i FH ), ol
o X R W HEAT L UK S BT R L B A A L 45 3« T A XL
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YR SE R AR PR B | IRk [a] B 25 AR /N, 45 46 AR 155
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) B I 5 5T L TR I 0% A 1 1S I S IR R 4% 1Y R 1
R R TR .
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