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Effects of TG Enzyme-Chitosan Composite Modification on the Characteristics
of Fish Gelatin Gel and Its Preliminary Exploration

WANG Chengcheng, SUN Wanyi, ZHAN Shengnan, LOU Qiaoming", HUANG Tao’

(College of Food Science and Engineering, Ningbo University, Ningbo 315000, China)

Abstract: The poor gel properties of fish gelatin (FG) limit its application in production. Chitosan (CS) and glutamine
transaminase (TG) have been proved to be able to improve the gel properties of FG. In this study, TG and CS were used to
modify FG, producing two kinds of modified gelatin: FG-TG and FG-TG-CS. The effects of two modification methods on
the strength, texture characteristics, rheological properties, fluorescence intensity, infrared spectrum and in vitro digestibility
of FG gel were compared. The findings revealed that both single and complex modifications could greatly improve the gel
strength and textural qualities of FG. As CS addiction was 0.7%, the complex modified FG had the highest gel strength and
hardness, which were 522.02+0.07 g and 11.79+0.30 N, respectively. Rheological results revealed that the complex
modified gelatin had the maximum viscosity (75,=0.53+£0.04 mPa-s), gelling points (23.04+0.17 °C), and melting points
(31.30+0.25 “C). Modification decreased the fluorescence intensity of the samples and complex modification showed higher
fluorescence quenching effectiveness. Fourier transform infrared spectroscopy redshift indicated that the complex
modification boosted the a-helix content in the system, stabilize the formation of colloids. Thus, the TG-CS complex

modification effectively solve the shortcomings of weak gelling properties.
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101 3] K2 (Fish gelatin, FG) i (280 T &)y~ an
fo )z | fow ORI, RHEA Szl
B AR B RERR M, BOA N2 — I TE . DL R 1
FLENYHHBATN ), AR 2 Tl r b
UK, PP AE R R SN TR e S fa B IR )
AR T B R, (H R TR A e 22 R flif s
IR . IR & 2 LU LS IR, 5
BT 0 B B B RS ARE R AN 2 A ARR R R LB ) W i
55, (450 W AR 7 i T A2 BRM . DALtk dnde] i
S0 I S 1 R IS AP ) 22 WA XS T I GE 0 =2
—o  HHT, AR ECMER R F2 2 g e (R
Y- A, Transglutaminase, TG) . B&Z iR
FUEEFACIE) « fh2E etk (B fh . | Mroketds) . Py
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BfpAEA . SMIEA BT A S N AN 2 A AE i R AS AT AL SR
P HA T R . SR, IR =R XS FG Y&
FEANEE R ERR I FEAT 3 = 4= 1a] 5!

FEE M (Chitosan, CS) XFRIL B 523K, /& H
IR TME—Y BHES T 20, 22 N S22 2E pinil
By Fe b PR, B RATAE YIRS PO
P, BEBELE i (TG) & —Fh Ba s R4
PE . S AEALRSCRE IR A S (I Z FOTREE R pH & Y
PR B R I, H BT TR BT R T4
RERNAZHRPT 35w 9w H T 2E BT P Bk (B
JErE L SRR iM% . Rui 2™ BF9T A BL, CS RER
FHEE F1R/5C M/ WIS G N T2k Re, i &
REEA AR R . S A ST R BB A
CS ¥ B8 IN, & TR/ SR/ B I 52 -G /K BE RS
A SR AT 2 T . Mao 2509 &8 TG &/
JE Y A FYBH R ELAA oo i — SRR a5 44, BRI Y 4%
LERTE SR B . Wang 51T WUR I T 2ERILEIR, TG
et Fg B JBE -k P 5 R IS 02 5 I ) AP RE L i AE -
PERE . PERE IO ZE A YA i s . (HR A O
TG 1 CS B A EMiXT FG BERFRR IR AR R 105
M AR SRS A D o PRI, ARSCFEEEWRSE CS Fl TG 2
R FG BB AT AR SRR s ), FEah 645
FERRA S AT FCRACHERI LA, AT S o] 8 v v B (e BB RS
FRPE . RUREIRLRE FIURE B2 ) A0 IR ™ S i A SR R AR
TEEABISFE S
1 M55
1.1 MREEE

e BEZRIE 200 g, 73T 10~220 kDa,
M P AL 88.14%+1.57%, K435 1 4.78%+0.03%,
IK ST E i 7.93%+0.63%, W4 A TR 2E R A TR
NEl (P E R SeRpE HERAEY TR RA A
(P i) ; A5 2RSS Vel (100 U/g)  —Ng2EY)
FRA I CPEIRI ; Heax e iaGn 8 o b4l

TA.XT Plus i#{ FE[E Stable Micro Systems
4Nl ; DHR-2 i A8 {Y & TA Instrument Inc 2
Tl ML104/02 AU TR g A4 8- R 224
A B2 F]; DK-S22 BUHL HVEIRKIGHE G 2
SEEG TR BR N W -9 TU-1810 UV-Vis 436G EE
i dERtEATE AR A TR B4R 7] F-4700 H AL
PR HAR H AL RN ] o
1.2 L7
1.2.1 FEAdlEE  FREGE &5 R (CS) R ARG T
Iwt% EEER AW, 452 0. 0.1%. 0.3%. 0.5% #
0.7%(w/v) Y] CS ¥, FE# A 1 mol/L Y& A fb4M
B CS WY pH T = 5.6, FREGE FG Wk
A CS W, 40 °C FZELLF: 2 h, 53] FG K
HREE N 6.67% (w/v) 1) FG-CS FH ., A& 4w
FHIA 0 Fl1 0.005%(w/v) B TG i, 40 °C T E1LE
B¢ 40 min, 100 °C FhN# 5 min K, 53 H155) FG-
TG. FG-TG-CS,, ;o,» FG-TG-CS, 3,,. FG-TG-CS, sy,
FG-TG-CS,, ;o, Z G BEME . (M pH I 2 5.6 1Y
Lwit% B 1t IR ¥ R TG T Wk 32 R 6.67% (wi/v) 11 FG,
BoHldFEE] L, ASin CS 5 TG, 58] FG ¢HAHIL .
1.2.2 BERSHREE R TPA e BRSO
PR IS 580 B AN BT A R EA T . B2 EL 15 mL A5
W ZE 25 mL BEARA, 10 C I F 16~18 h. #EH
P/0.5 B SRSk, BEHUEE IR 25 4 mm B9 i Rk sZ
FI AR B S R o DR L IR R 3 R

1 mm/sB,

B HL 45 mL A SR S 50 mL A1, 10 C
TWFE 16~18 ho BFEER MABLE B, VIl B AR
2.2 cm. /5 2 cm WIREIAEAAR . il FHIRSL P/50 5 K
B TPA, FEAS TN 50%, JIRT . Il A 5 2
S 1 mmvs, PURAGER 2 ¥k,

1.2.3 A2EM5E  Huang %" g5 8k, G221
X UE S A R A T A , TE s L7, @ FN bH(E . Hor,
LYEARER A, F8RE S 1B B s o E R IEA Rk
SREL, S TARERRE S R St; b R IEACERRE w2,
A AR S I i

1.2.4 FARZEPERTE (0 DHR-2 AR 2 B
JBE B AS 24, Je Hoh 60 mm Y-SR, gap 1M
1000 pm, INARE SIS DA . BYU)E R IE
& 0.01~1000 s, f& Bl Power law #1 Herschel-Bul-
kley FAAAR AL ST A IS W A e AR A )

Power law: 7 =«ky"

Herschel — Bulkley: 7=1,+«y"

A & BY N J7 (mPa) ; x 52 — B R K
(mPa-s); y =B85 PR (1/s) ; n Zm sh 47 N FEEL;
7o B IRN ST (mPa)
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105 B IS TERETR (40~4 °C) FITHIEL(4~40 °C) By
B Mitige i (G ARSI (G™) AR £k, e JHCEE
Jisg T R R RS TR RE . AR VR R 0.5 °C/min; MR
1 Hz, WAEJ7: 1%,
1.2.5 PUEPEZESGR W 2 B W E R
20 mg/mL, >R FHZECH T S B I W A 28
OGRS . WAk K Ty 280 nm, K5I T 290~
350 nm, # F & 1200 nm/min, A BELETE)E N
5 nm, KYIPELETEIE N 5 nm, HLE N 650 VI
1.2.6 fEH LA GREN E AR T RS S
KBr IBGIFe50 i 5], hilAg@E HE R (R
PHZLAS IR, LIIRARET 35 S Hoaadli . ik
Z4000~500 cm !, A3 HEER 4 em !, UL 32007
1.3 #HiELIE

PG E T 25 C FiAT, Ui sCinm s —
¥ . JH Microsoft Office Excel 2020 4#bFH ¥4, 113&
S EANbREZE . FH SPSS BAFUEATRA N 22 7 22
SHT(ANOVA), P<0.05 FoR2E55 035 .
2 HBRESH
2.1 BRRERRAASHT

TR RS o B S PR BRI A R B FE B AR AR 2 — 1
ASTEUEME 71 %T FG BER R 2 an = 1 s .
REAEMI) FG BERSSR I A, PIFP ke r X3 n]
FHE S FG BEESIRE (P<0.05) ., H TG-CS E451&
WXt FG A8E e i 2 BAT A HR TR, CS Wk Ry
0.7% s} B K i B e v o« % F FG-TG 21, TG i1k
FG 43 F8E Z [A1TE 1% e-(p-43 203 ) H 2 iR A0 4k,
LIRS FG AYEERE X 4588 F 305 T =5
FG M BEERS S, WiPE FG-TG-CS 41, FG 4rF I
LT IR L (COO) FEMR R h AT 5 CS 4371
AT I ey A 3 (NH, ) &2 A B F AH AR, T2 %
FasE = AU TG AT IMH#E{L FG. FG-CS #11 CS JE
OB T TrE e s, BHBS R R A
PEIEH, WI—OH ., —NH, . —C=0, g% 550 Mt A9
—OH, —NH, JERGEHE, SXEediA F] T80 B 45
T RLSL5E), B B R PO, HAh, CS My
T2 0.7% B 52 -GS i) W e B e R B S5 i
B 5 CS¥JE R 0.5% B 14 5E I o 5 25 5 AN I 35

(P>0.05), XATHEJZH AR FE P CS ¥ E &k i
#1453 FG 5 CS 5+ F AR SR B IE R R AT E &
R ZR . SR LiEER WY & At il CS W BE i
RBATR S RbE/ W e 52 G 47 4k 124 HERE -

SR 53T AT AL B 7 11 AR nEL R e s o Atk
AP, G 1 AT, PR erE )y X5 FG a5k
REPEYg = A T WAL (P<0.05), 45 4HRR W il HL
5B s E —3 A b ke, TG-CS & & &ihin
EEm FG MR, FLAEEERE CS ¥R EE MBS Immig e,
HAE CS WBEEH 0.7% BT IR (11.79+0.30 N) .
FG Jc5 CS i FrHAHEAE LS S IE % FG-CS &
HAR, TG BEE—HMAEIZIR SR RIS F P el
F-IR] A e, T T Sk B0 A s AR P 25 2354, H2 0
T FG HIHLBRPERE™ . W7 2 250 iff o8 A PR 25 7K
BERC R CS W EE B3R R, T LI Z 1SS BR 0 5 SRR/
S 2 5 7K B I PR 2 P 245 T Sl 3 . IR A P
AT 2 S (P<0.05)FG 1 | e B . NHIEG:
T HE AR TR 4. B FG 3
FITKE SRR 2 d 25 AR Ak
22 BBE

e 2 s, B4 TG B A& i X fa W ik L™,
a’ . bEIE A R EFEWNA . T TG-CS & 5 1&1Mi s
FG 1 L' a (ERRAIK, bEIG K. BERL OB AL S
FG 43 FL5FI RIS AT P4, LE - SRR 22 TP ioml
BT BN A 2%, B P RGP S S35
H LYHFERPY, TG-CS-FG 2H LKA AT H A T4
A e B AR FR P R G Y R B AR R B B I
HRE CS MM IIE I E 280 R A4, i

F22  AN[EMEHE 120 £ BH i 68 P B S )
Table 2 Effects of different modification methods on the color

of fish gelatin
205 L a b

FG 47.00+1.75° —0.05+0.10¢ 0.99+0.14°
FG-TG 45.35+1.30% —0.06+0.03¢ 0.89+0.06°
FG-TG-CSy s, 43.81%1.20° —0.14£0.08% 1.30£0.40°
FG-TG-CS, 3, 44.42+1.12% —0.18+0.10™ 1.86+0.22°
FG-TG-CS 59, 44.96+2.55% —0.29+0.05° 2.9040.15¢
FG-TG-CS  ;4, 42.44+0.45° —0.43£0.03" 3.610.40°

TE: [FFUA [l 5 BN 22 53 .35 (P<0.05) 5 32317

1 AN[FMBTT 0 i R ot E L2 TR AR S )

Table 1 Various modifications methods on the gel strength and textural profile of gelatin gels

Ei=7an FG FG-TG FG-TG-CS, s, FG-TG-CS, 3, FG-TG-CS, 5, FG-TG-CS; 30,
BERGRE (g) 409.98+9.54° 421.56+3.45° 483.48+4.08° 496.57+3.60° 514.73+2.14° 522.02+0.07°
i EE(N) 9.17+0.22° 9.54+0.45° 10.78+0.13° 11.01+0.58° 11.70£0.28° 11.79+0.30°
FhtE(g.sec) —155.74+36.75° —63.42+22.80° —145.76£39.36 —153.27+8.05° —146.40+£25.51° —161.06+35.43"
A 0.94+0.01° 0.98+0.08° 0.96+0.01° 0.96£0.01° 0.96£0.01° 0.95+0.01"
R 0.94+0.01° 0.95+0.01° 0.93£0.01° 0.94+0.00° 0.9420.01° 0.92+0.02°
Jie BE(N) 8.60+0.26" 9.01+0.43* 10.070.17° 10.30+0.56" 10.96+0.34¢ 10.89+0.07%
NELEPE (ND 8.06+0.32° 8.82+0.41° 9.63+0.23° 9.84+0.60 10.53+0.39¢ 10.37+0.11¢
[ml 52 1 0.83+0.01°¢ 0.82+0.01° 0.79+0.01° 0.76£0.01° 0.760.02° 0.73+0.02°

TE: [T AR T RER7R 225 .25 (P<0.05) 5 R4
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{H19 5 GBS B — 2 REAIN, BkAh, BERE CS H
BE MR, 25 BRI AT Sy 3808 1) R 2% 25 TR, ASF|

FHEE T, I GHEER TR B R . 26

ik CS IHREESSN FG 14 ™8, b ey A i 5
mi, B CS MR EEIGINAE -G 58 I AR B0 (oL ] BE £ B 7
Jrm Ak, XEH T CS A5 SIS IR E 0, 2

FG 5 CS 454 )5 1445 FG 1Y a™BE v/ . b B 1S K,
H CS #e B hinsgma iy B P, 3X 5 Rui 259 42
I I B T IR/5E R NE/HA I G I 0 B (bl 5 R 5

H CS YRR I e I ERAHZEARL

23 REFMR

2.3.1 FUKERE AN 1 R, SRR R R R
I B G D SR G T AR AR A A R

I IV R E 2 AR BB PR AR U 1 JRE FG Y 2R
BERAR, MG FG R REYS IR . &2 A Eiig
UKL BE 145 T8 — TG &HiZH, FG-TG-CS,) 50, A fi%
KBRS o 550 1H- T AR . LIRSS 2Fh e o™
o P4 JE R RS 5 UK R AT A A AR DGR, ke 3

Bias, ME A& MiIZH CS ¥ 0.3% K& LI LB s,
B FE = T (P<0.05)FG M H— TG &14i Y FG. Ik
S, BB TR SRS EE AL 55 (HIAIRE CS W EEHY
DORE R . B R  H HR AO 20Uk, B 5 4 TR AR T

YER/ArFE R/ NRIEARSEN T, XS —10 TG &
M FG H 200K BEr 3 m el UA B T TG 1k
FG 43F P85 TR0 o T8 s g™ A e 43 &5t

HIE-EUY, XFTF FG-TG-CS 4, FG 45 CS Bk
FG-CS B ARG TE TG AU i i A= sl 4

10"

10° /‘:}‘&;{
P SITa ety

£ o my ‘VS:;Q* - e
ST FG ™ {'*::t::::iiﬂ
2 e TGFG " =te.* i '."
= } —— TG-FG-CS, s, '}‘111444-#:
1021 —— TG-FG-CS, 4,
—+— TG-FG-CS, 5,

15 L+ TGFGCSyr, | .
107 107! 10° 10! 10? 10°
BYDIHA (1/5)
1 ARUEM T EE R FG VUK EE 520
Fig.1 Effect of different modification methods on the flow
behaviors of FG

P2 & ST R R G WM EIR FG g3
A 1 — 2L 1 RO

K FH} Power law Fll Herschel-Bulkley i {445 7Y
X B B FE S AT LG, LLERSE FG-TG 1 FG-TG-
CS B R MBS AR, ansk 3 s, P
B R* {H¥4)>0.99, FRBAAE L 5 SRR I A3 e s AH 2
Mo BEHS FG BRI —3HERE (0B R, +&
BAAZ -G B IS AR Z2 RN BRI EE, T B— TG &4
L5 FG BURGBREE o DA T 84848 n SO TRY
JEREEY DR ARG AR . B SIS RER T n (B
KT LG FG, R E S SR L 22 U0k 2 BE 55 U)
TR VRO X e e e B B S G A AR R A
F1 oo Ty R 1R 22 (RMSE) #IA N & £k v Fndk
L& & ARG B ER RIS ET,
Herschel-Bulkley BB ELAT /M) RMSE H, FRHAE
IR B 456 Herschel-Bulkley AR
2.3.2 VRBEFR i RS A R R R IR
AR PGS R (G AR (G”) 19281k, BT LA
A BH IS ) 58 g VR B RS sl i B2 TS, T 2 o, A%
ZHAE L TEEERAL AR LT R b Gl G284k a3
FEAKHIF] . AEEEIE A B2 (BRI ) 146 B B
(40 °C), ZLHFEM I G T G, FRB A AE S Ak
TR, BB F a2 . Bl VRS IR
%, G'FIl G A€ 46 E7F, H Gihgea =Rk L7t
e B T S A Gk, XY GYRN G7AE LB T R I
B SR BEREIR RS, IR TR BA SR i B IR A oo
BETFAHEAER . &g, YErEe B KAE BEAEH R —
VETREE AL AR, BERE LS G5 A s th il . |2z, 7€
Al A B (FHIR ) GURT G 25 2R I 58 SR 1y
FRRL R SR e i B

N 4 iR, Bets FG USRI e ke v =
R BT BT, Hoh, TG-CS & S i —
TG & i 22 80 H 0 vy A8 S Ul 3 | Rl TR %, HLBiE
CS ¥ B (B i g 7t 55, 78 TG-CS-CS,, 50, BF H AT fix
1o SRR AR AR . F AT, PR Tk
YT Ll 2 4R S FG mRE M HE Gk a3
= ERFRCR . TG AT LML FG 3§ NE s+ )3t
MEREITE AL, 3XH15 FG BRI B o B2 1 45, A
MiEsE T FG e R, FG & TG-CS Z &A1&
i), FG 5 CS Z a1 s T EAE A fE s X TG

3 AFEMEMTTEXT FG (1 s, (ERFEMR KSR 45 2R
Table 3  Effects of different modification methods on the 75, value of FG and their fitting results with the fluid model

Power law Herschel-Bulkley
51 71so(mPa-s)
RMSE x(mPa-s) n R RMSE 7,(mPa) x(mPa-s) n R

FG 0.01=0.00° 0.03 0.01 1.01 0.99 0.01 0.03 0.01 1.02 0.99
FG-TG 0.02+0.00° 0.04 0.01 1.01 0.99 0.02 0.05 0.01 1.02 0.99
FG-TG-CS, 4, 0.03+0.00* 0.10 0.03 0.95 0.99 0.08 0.10 0.03 0.97 0.99
FG-TG-CS, 3, 0.09+0.02° 0.48 0.23 0.81 0.99 0.45 -0.23 0.25 0.80 0.99
FG-TG-CS 59, 0.15:0.01° 0.88 0.48 0.76 0.99 0.81 -0.48 0.53 0.74 0.99
FG-TG-CS 70, 0.530.04° 1.73 2.02 0.61 0.99 1.47 -1.36 234 0.59 0.99
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Table 4 Effects of different modification methods on gelling and melting points of FG gels (°C)

it FG FG-TG FG-TG-CS, 0, FG-TG-CSy) 3, FG-TG-CS 5, FG-TG-CS, 0,
BEME AL 20.48+0.04° 20.7240.02° 21.56£0.10° 22.17+0.08¢ 22.5240.01° 23.0440.17°
Al AL 27.89+0.01° 28.00+0.01° 28.92+0.01° 30.07+0.01¢ 30.62+0.03¢ 31.30+£0.25¢
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