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Abstract: Three different methods, namely the condensation reflux method (RTSG), the high temperature and high pressure method (HTSG), and
the enzymatic method combined with high temperature and high pressure (ETSG) were used to prepare turtle shell glue from the shells of Mauremys
mutica. The amino acid composition, isoelectric point, gel strength, rheological properties, infrared spectrum, and microstructure of the turtle shell glues
were analyzed. The results showed that the yields of RTSG, HTSG, and ETSG were 8.69%, 12.28%, and 12.80%; and the protein contents were 59.53%,
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74.45%, and 77.57%, respectively. RTSG had the best gelatinization property of 93.29 g. The gelatinization points of the gels obtained using the three
methods were 5.56 “C, 4.76 “C, and 5.47 "C, and their melting points were 14.86 “C, 14.33 "C, and 14.71°C, respectively. At high extraction temperatures,
the collagen subunits were decomposed, and the amino acid content was low, thereby affecting rheological properties. Amino acid analysis results
revealed that the turtle shell glues extracted using the different methods had similar amino acid compositions. FTIR spectra showed that the turtle shell
glues extracted using the different methods exhibited the characteristic vibration mode of collagens in the amide region, with slight differences. SEM
results suggested that RTSG, HTSG, and ETSG all exhibit porous network structures, and RTSG has smaller and fewer voids, indicating a superior gel
network. Therefore, different extraction methods affect the internal structure of the turtle shell glue by changing the protein and amino acid content,
thereby affecting the gel strength, rheological properties, and other physical and chemical properties of the glue. The aim of this study was to provide a

theoretical reference for the development and utilization of turtle shell glue.

Key words: turtle shell glue; collagen; physicochemical properties; extraction method

B (Glutin) & —FiE il K igshi etk e
RV LR i SR R A BRI E R R R TR &
Y. BHRHEIGE H AFER AR, RIS,
2 TR e A 4 e — e PR FH e SR B B e 1) =
WRTESEHE, BRI AR X B A B AL S S5 A A R
Kigem™t, e EER AR, IRIREA S
TIRFIT N B IREEREIR, FRIURAHERREIZ, £
RS K AR R b K, BB THUK, G AT
PSRN SR 2 P s e P A [ P o DL il e
PRI & R FRE AR PR Bk
A ERORIE AR S . FRRE F5 BEHEOC R R K TS 444
TSI, Tt 5 PR P R I 45t th Y
WARR, B IEASIRIGH 2 T AR T2, I ER
T 45 °C. W% pH E 6.5, INEGE 4.0%, IHEHREL
FON 21.87%. B /INTF AR A A A R A B o
FRUUCE ARG, WIS R RS m. IR —Fhahi
F, Hfs B el R R A R R R AR T
P o IR AR AZ TR TS A PE I T T A (1) 14 Ak
T A IR BB E A7 th 7 X — o B,

Ak, NATHUKA. EIRES, E%S
MZiH. SRR, TRENZHAIRE. AR, N
BrTRER S W, BEamasthgitt, SH+
& IR o R R — PR T B etk ) i
ML AT )G, SR, . IRFEMTIRE
BENRIfeER, HFET R R R R . o e,
MR H, EEPAER . 5B, FRMAbG. A
I3 MR, R T, ARG
T EHREUCRAK BFE K . — S Sk IR AR BN
RS, AR RR A A R, R e TR
gi T2, o BB I ST RN A B FRAR EL A AR K
MZH, B, KT RF RGO AR
SETTTHAAE R . I, AT 0 H R R
PRICABEERIE . s Ry BRI il e e A
H=ARRO A IR O AR, (R, AR

78

Jl BERCIRAE . AR BALPEFRN,  B AR
NEFFVIT A R E RS %,

1 RS

11 JFH 5 R

fH, WE T Ao lisesE Sk ammaiRa
H; AJNEARE (2000U/mg), WHET4ATAY TR
HIRAF; Rl G HALAE A E = Hral

12 PBRE5HAL

Kjeltec 8400 4= H#hJLIKERAL, i (FOSS)
IIMTAER A E]; AR-1500 EX 481X, M TA AF];
TA-XT Plus #1453 #11%, JEE Stable Micro Systems
/> Nicolet 1S50-Nicolet Continuum {8 B35 #2741
AL, FEER K H/RBHE AR S-3400N F# 1 i
%, HA Hitachi A F]; L-8900 4= BN E: R/ Hr
%, H A Hitachi A% ; PB-10 & = pH it #[H Sartorius
INT]; Zeta HAATAX (Zetasizer Nano ZSE), ElE /R
WAL A F s CR-400 TR A G E, HA

Konica-Minolta A,
13 Lk

131 & FR4E
1301 eyl e S B %

FRr i e O RS S AR 100 g, [ ERRREE N
1:5 (Fa R E & 5K 1:5), i m R TRl
&, RIEMIXK, B 3h, BHRGSIENE, HTHIES
FNE, WUERSFARAT . RCERRDERUIN IR S, 3
AW RE, B fetl, SRR R BN SR L
PIBEIEL N, FEMAE A1 24 h, IREBCN 60 °C, 1
TR NTCE PR, RIS el e e i 5 ) 10 B i
(Tortoise Shell Glue Prepared By High Temperature
And High Pressure Method, HTSG).



MK EmBHL

Modern Food Science and Technology

2023, Vol.39, No.8

1.3.1.2 AEERH %

PG L RS S RREL 100 g, [l e BRR LN
1:5 (fHFRE SRR 1:5), 100 Cn#vA-En
PRI, BER 3 h, X B E]E R0, (EH 5
B, JaeER 1.3.1.1, RIS RIFEIES# i F ke

(Tortoise Shell Glue Prepared By Condensation Reflux
Method, RTSG).
1.3.1.3 FEREELE mrim e R A ) £

KR I A R B FREX 100 g, #R4f 4 000 U/g
IIAARNER ARG, [ Rt 15 e R i 5Kk
T 1:5), 7650 C. pH AN 7 M4 THEEME 1.5,
SRV = e N e R e TR AT RIS, FUE IR,
FHR 3N, BRGSIES S, JEEERER 1.3.1.1, RIS
2 ) 2% 1) B S ( Enzymatic Tortoise Shell Glue
Prepared by the Combination of Enzymatic as Well as
High Temperature and High Pressure Method, ETSG).
132 aVYRFFEAZEOEEMNT

o IR R L T 2

v =M 100%-

mO

AF:

Y—— & FRIFE, %;

m— & FRTFRE, o

m—— &R E, g.

2% GB 5009.5-2016, & H & &R YL E
RAFM e, FREUEAHRES 0.1 g BIHAE H, U
10 mL #ifg. HALhH, BT, THEE
420 ‘CJa, JHM 25 h, REHAEI TS A Ui ElE .
1.3.3 & ¥ IR AI B AT

22 GB 5009.124-2016, FRHL 20 mg L H A i
TKAE F, A 6 mol/L LRV 5 mL, 7RG
B . 1E 110 CHIEHKAE 22 h, ZEHAHRIEIR,
€, B 1 mL JETR 60 Cii g, FEhIA 1 mL
AKMIAZE TR, IIANGEM R 10 7%, 1RAI2
Ja FAHE WU &, 4022 um HHLERJE, 4 H
NRFERR IR .

1.34 B FIREEHNZ

PicH 6.67% (m/VD IR IRIER, (EA TR
ZEACIN 3 Fo RS FR) 02
135 & ¥k Zeta wAzegM =

SHEMEORTT, S5 HIH % 5 mo/mL R
FH VA, P 2808 /K AR 22 0.5 mg/mL, f#FH 1 mol/L
NaOH #1 1 mol/L HCl i&¥44 pH {E1775 3.0, 5.0,
7.0 1 9.0, ARJEEAESIMEIEE Zeta W, fEH
Zeta HLALLGIIEL Zeta HEAL

1.3.6 & VISR N Z

B 6.67%[1) o I, YEZ IR PRk 1h,
60 “C/KIIN#F 30 min B5EAEME, WEIEHAN 4 °C
UKAR, FEEILIRFERER 16~18 h, S7EPHCHIIsE gk
JRRSE . JEH POS HIERL, ik it N5 9, TE
W 1 mmls, FIEEE 4mm, JEHEZ 2 mm/is,
SEZIR, HHETIAME.
1.3.7 B FEBIAT MR GME
1.3.7.1 Rigadk

%% Abdelmalek 25OV, e HI 450N
6.67% 1) L VA, A 40 mm “PARIE A, 7F 25 °C,
BIYIH 3 0.1~100 rad/s, SiAE 0.5%[1) 4 FEATEh
AR .
1.3.7.2 FRAUKGE

%2 Huang 2000 v, {8 40 mm “EAR A,
7£ 25 °C, BTEZ )Y 0.01~100 rad/s (K)264F T k7%
MR FEE 52
1.3.7.3 RS

S Sha M, 3 FHATASGE
I 5 R R A e el B R AR R o IR b A =
ARGy, A RIARRE. EEATHR, HARRREN BN
40~4 °C, 7£ 4 C13¥5 5 min, THEMELN 4~40 °C, 4
FON 1 Hz, BAEA 3 Pa, A EIFIINHGEZ A 2 Clmin.,
exfgRe s (G FERE (G") BEEEL
k.
138 1HZetTkpsrs kit

HOGEEFET, fETET TS KBr 78/ HES ok oK
Wo TEEAVHFIIER, RN E TR EN
ITE 534 - 463G B A 4 000~500 e, 3#% 9 2 em™
1.3.9 HEFEEIK

T a0 R RE SR T S b, A
T, B TIERAOR S, FH T B TE 15 kV 1
T R R AR SO 4544
1.3.10 #IEHT

SKHH SPSS 24 X EE AT R A, S5 RIS
H e ZE I 0RoR, KA Duncan £ BG40
1T EVES T, 18 Origin 2021 BEAT 4T RIZ ]

2 ZER51HS
21 FREBFEMNEFREEREAEGE

H % v

WA 1 s, RTSG. HTSG F1ETSG 152435
) 8.69%.12.28%411 12.80%, & 5 &3 7l 59.53%.

79



MK EmBHL

Modern Food Science and Technology

2023, Vol.39, No.8

74.45%F1 77.57% (Wt%). 5 RTSG #HtL, HTSG Al
ETSG MfFREAGELEZE A (P<0.05), K
fe i e R LA R LA B ) f A R AR
B 5 HTSG Mk, ETSG EA{EMEFM K
(P<<0.05), XWJREARH TR & A TER R,
ARNE EEE ] AIBRIR B o1 ARk, FEREEE
() =W RREHIBOR, AR TIRRE A fiei™d, 75
Wi, R R B M R R R A Rl
79.62%, HTSG. ETSG W& H & &5 2 8k, 1 RTSG
MK, X PTRER BT RIESR AR, T s

B [ fef £ B S BE  5E 4
]00 r - ‘}(Efi‘- 1100
CO AR E
80 b a4 180
=
2 60 {60 2
ﬁ: 40 Eﬂ
w 140
Sl
20 . . 120 &
RTSG HTSG ETSG
#H 5

E 1 NEHRIGEMN B RRGERER S BN
Fig.1 Effects of different extraction methods on the protein
content and yield of tortoise shell glue
E: RARDEBEFHEEATR - AF L ERER
(P<0.05), B 3F.

22 A RHREC T KR AR B A K

H % v

RIS R A R R AL T IR Lo
HI 1 ATRA, =P BRIt H A AR AL
R, TR & B, XRFIEHESR
BT RIRER, HRRGAETH = IRie s e 16
SANTREER, At R ) SRR AL A — MR
BIEA AR MR (SRR, FEIi 2 IR AN
UG AR VAT M, a2 O T H R 1
FoFENEARER, AR SRR E A9
R, RIS b SR R By 2 S A,
e P o SRR R R 01 B SRR K g s
Bt VIR B A AR, S EOE IR & B
RIS R A B v 1) £ PR B R A Y R
RIS SRR £ T,

23 FREF AT R EN T
BRI 7 45 RN 2 s, LRk

80

FERE, a* RN, bROREEGE, RTSG 5
HTSG 1) LMEEE® T ETSG (P<0.05), X5
ETSG #LL, RTSG Al HTSG [Fi s {1, ETSG
FHEE RTSG A1 HTSG A HEARM b*{H, 2B H iyl
#0, SERSE S
2 NEIFGERR e RIS BB RIS/
Table 2 Effects of different extraction methods on amino acids
of tortoiseshell glue

oL 4-Z/(g/kg)
RTSG HTSG ETSG

RARE. 54394049  51.5440.62 ~ 48.4240.44
FEBE 21753077 21703095  21.3240.95
Y“RE 46224083 44393074  40.7740.10
AR 97.924121  92.5641.22  84.29#1.21
MERE  99.43#131 9533466  91.78+.14
HEB 220472215 212243460 196.8742.26
REE  9547#1.23  91.204257  83.753.02
FRLEE: 1704001  1.6540.04  1.4840.05
HEB 16753055  16.9840.32  16.34:+1.30
VaAH 0433001 063003  0.8440.03
FomAE  11.15#.47 1122443 10.82#.45
FEB 28724050 28693062  26.6740.68
B4EBR 5962027  7.014041  7.9440.61
KRB 24733024 24274048  23.7120.89
MAB  35.2340.22 34004060 34.114.24
AEF: 813015 858420  9.85#.51
KRB 7711423 7259461  69.17+.63

2 NEFFHERE R R & BRI
Table 2 Effects of different extraction methods on the color of
tortoiseshell glue

M H L* a* b* E

RTSG 46.8140.05° -1640.01° 0.3740.01° 46.6440.06°
HTSG 46.6240.42% -0.7940.09* 6.0620.12° 46.5320.43
ETSG 41.3940.04° -0.6340.03% 3.6140.02° 51.7040.04°

E: ARANEBFHFEATR KA ARERER
(P<0.05).

24 REIRBU ik T Zeta B E R

AN[E TS L R 1Y Zeta HAAZBE pH {EIAS
antEl 2 Fros, o B R AR L A5 L A v L AT
Z20 dygE R A%, RTSG. HTSG. ETSG fl&5
SN 48, 47, 46, FEMCTSEHA pHAE T, B
A R A T A, X SRR R PP AR IR
fuf, FH—J7H, RS FERRTFUHESTHER
S pH ERAEf HPY, RTSG. HTSG. ETSG %%



MK EmBHL

Modern Food Science and Technology

2023, Vol.39, No.8

HLRALTIRYE pH {H, XARER BRI R LRI T
B, BEBRINRAZ IR S T a2 R A&
W 23 KRR, T LA S F S PR,

or —s— RTSG

—e— HTSG
—a— ETSG

30

Zeta potential / mV
—_ ]
= (=] (=]

- T T

40~ pH{E
& 2 TSEHEIS AR FRAR Zeta EBAIANSNT
Fig.2 Effects of different extraction methods on Zeta potential
of tortoise shell glue

25 FREARB 7 ik xR R 5E B R

Y P T P VPN B Je ) R AR A, BRI R X
R IR i A S R, SRR, R
AP, R RE A SR, £ PR S et
ISR FEWPE 3 Fian, RTSG il i ik 3 i KAE
93.29 g, X RER R A i e vk EL VA B Rt 2 3R L
M e, BRI T e, R T R AL
O THEARHE, FTLA HTSG. ETSG HBEIRAK 5 N #51E
FI 178/, RO R, ETSG BERTREE AT,
XATRE AR T AR ARERR TR R 2R [ F AR e
X, FEIBRREMINEL N TR S EE, R
SR (R,

100 a

80 b

Le]

=2
(=]
T

BENREL / g
&

[Se]
[=]
T

RTISG HfSG ETéG
A
& 3 FNEHERS AR AR AR AR IR B RS2
Fig.3 Effects of different extraction methods on the gel strength

of tortoise shell glue
26 T EARBU T RO R SR Y B

2.6.1 AR Est & TR 69700
B I EAT — B IR, G FOR B,
GBI . W& 4 R, BEEMR KA, =

Fhea ) GTAN G 2 E T, 5 HTSGLETSG
FHEE, RTSG 1) G/l G s, X n] B B T-He i
15 RZEAFRIZEY, SR NS R N A I FE RIS,
G'Hl G"[#{%, FTLA HTSG Ml ETSG 1) G'Fll G UK,
T BA L R () A BB A B, M A P 4,

a 101

l -
0.1F
g 001f
S 0001} —*— RISG
—e— HTSG
IE-4 —— ETSG
IE-5F
[E_6 1 1 1 1 |
0 5 10 15 20
Frequency / Hz
b 10f
l =
« 0.1F
a,
B —=— RTSG
0.01F —e— HTSG
—— HTSG
0.001 -
1E-4 1 | I | ]
0 5 10 15 20
Frequency / Hz

&l 4 TNEHRETS X AL M Y20
Fig.4 Effects of different extraction methods on the
viscoelasticity of tortoise shell glue
2.6.2 ARIRIRTy ik & FIAIALE G Fh

1

—=— RTSG
—e— HTSG
. —a— ETSG
bt 0.1 H
&
B
z
o 001
2
0001 L 1 1 1 )
0 20 40 60 80 100
Shear rate / (1/s)

&5 NEHREG EX i ARV HI2 0
Fig.5 Effects of different extraction methods on the apparent
viscosity of tortoise shell glue

RGPS B 8 — A BB, SR 2>
TERM BN, RS TR, R
FERIARA I T B E 57T IR 0L, 7055 i
K, HEARHREE S . HE 5 ATA, =R S RS

JE—EALTHRURAPRES, X2 MBIt AT A,
YEIZ AR RO BB R . 5 RTSG ML, HTSG

81



MK EmBHL

Modern Food Science and Technology

2023, Vol.39, No.8

T ETSG REEERAR, X REA R NBEE BY VIR 4
1, REVERRAEBITIRE T 7 B, AR T
K1 R i AT DUR 25 5 HUHE S I 28 B B IR R
FEE28L Jamilaht2V44 (RRTT o [ 2 RS B2 7 40 52 K
FRMZEEER], BEi o TRt nkE.
2.6.3 RERI T AT TR EBAARIAR
¥ G'Fe GG F R

a 10000 .
—+— G'—+G" cooling
1000 | “G" * G" heating
100} N
g L T,-1486C
= 10} % T,=5.56 C
© t \
or 1+ ! A
O % s
0.0F k Y
e el -y
1 1 1 ]
0.01 0 10 20 30 40
Temperature / C
b 10000- _
—— G'——G" cooling
1000 —*— G'—*— (" heating
100 -
g 7.=1433C
- 10 + T=4.77 C
&)
o Lr
O
0.0F
|
0015 10 20 30 20
Temperature / 'C
C 10000 A
——G'——G" cooling
1000 F —+— G+ (" heating
100 \
& ' T.=14.72 C
= 10} 7,=547°C
&}
7 I
O
0.0 e
et
1 1 1 ]
0014 10 20 30 40

Temperature / C
E 6 TR Ex e AR A LRI IES 61 6" BIF2
Fig.6 Effects of different extraction methods on G' and G"
during cooling and heating of tortoiseshell gum

72: (Q)RTSG i&/E4a4%, (D)HTSG iB/E 4244, (C)ETSG &
A,

Kl 6 R TIEMAFAEI I GRl G AR
%, G GMILERERIRL ARG R, eI g
Jg/INe 3x 5 Norziah 25PN 4E FARR] . BEE RS
FIFEAR, G/AI GBI, XA AR MR I EAETE
e TEFHEREH, G GMBREIREL, MR E S
—EIER, G GBI AL, BUEITAGRIE . iR

82

FERGET, AR RS T ke, I
IR TS, BRI 7 k.

DA £ IR, AR BN ATTERER, SRR
FRE I PRSI o B B R e 45 1 DA S MM e &5
PSP BB RO FERO), A 300 SR P AR e e
G'F G"HIAZ s 2 R s S FE A s . Wil 6 Fiow,
RTSG #tfk #9556 C, filifkri 14.86 C; HTSG #t
K 476 °C, FbfkrAl 1433 'C; ETSG BURAAN
5.47 C, b 14.71°C. SEUEGREALL, REHRE
AR FEE [R5 R TR & BN 2 T i i B,
RTSG it SUFIRAL silg = T HTSG Al ETSG, {H
ZRALE, XA HT RTSG 2SR il
W WO WRBRRRIE K P45 A T A,
MIAE R E 4> TS5 K, R 5 R,
2.7 A EARE Iy i x4 IR 20 4 g B R v

H P 7 ATAT, SRV R R R S
8L, AEEATHIEAE T B ARE A AN, #B A KRR
A TIFHEIR SR

RTSG

. Amidelll
Amide B Amide [l

Amide 1

W VYN HTSG
V
W e

4000 3500 3000 2500 2000 1500 1000 500

Transmittance / %

Wavenumber / cm’!
&7 NEHRES EX B RARLIIM IR RIR2R
Fig.7 Effect of different extraction methods on the infrared
spectrum of tortoise shell glue
BEf A S —AvEmkiods, JEE HILAE 3 400~
3 440 e 2 0A), B H N-H BRI EN, 4B
A S5SNIV, RIS,
RTSG.HTSG.ETSG HIMt% A 1L & 73567 T 3 431,
3444 F13435cm™ . BEETRECEE TR, SRR PE]
U, Wl AR AR, TEREUR T e —E
PR ERR G A T IR AR, Wiz B Wi
C-H A IR g RN 51 &2 o
— MM, MR 1 RAZHPLE 1.600~1 700 cm™
2, ¥3E C=0 MmgiRsra <. ETaeR R
Wth B — RES R E B X, UM% [ B E v
B 7 S E A A R . B |l S e ke
HIREA PR E VIS, A roe, WSk 1 H
[RIBEGE AR, RTSG. HTSG. ETSG Bk I 4



MK EmBHL

Modern Food Science and Technology

2023, Vol.39, No.8

BT 1 641, 1 639 A1 639 cm™, FH] RTSG
ST REIA . BERZ A N-H A C-N s
s, BT AR C-N iREh AT N-H 25 i
WRzh, UM HER ESERIERRINGER) CH, Rz,
RTSGHTSG.ETSG MBI 70 Ailfr T 1 242.1 249
A1 244 em®, XU RTSG MHEL, HTSG. ETSG
) =W R MR B T EE B,

28 I EIFRBU i AR A e e

I T R A 5 B =R R R R O
¥, S5R4E 8 fix. HTSG Al ETSG #BE 32 FLIN
HAIREEN), ETSG fLiEZ, HRK/IA—EA515)
B, B O] BB R S B I R o M R A T AR AL
E LS 25 RS LUMR R, RTSG A 5N/ 153
Bat, A 10 BT T T o P 1) i PR T BA S /N A
/DA, R LRI S, SR AL 45 R
4 Kaewruang 258, fhdig il 5 3 HGE 2 ATk
(AR, WA R P 48 A A RS, LA K

[E 8 T [EMRENTS 4 f FR AR A rE SR A ]
Fig.8 SEM images of tortoise shell glue with different extraction
methods

JE: (Q)RTSG w45, (D)HTSG w4ZH, (CETSG ®42H.

3 45

AHEFCIIHTS L 1A RSB 200 F A
JRFIEEN . RTSG AABm BHRsE, IR K
IIRTRINGS 5 2R, R P I B R 5 AR, P
PUBEEER FEAA IR EE R, LA EIR, AN
TR e A B DX A B A e i B A ORFALEIR
ERE. =AU (P B 2 LIRS,
HAR BRI RTSG A /ISR, %
B S FRIBRE R R 2% o AN [RISR BT 00 i oA £ IR
RIER 5 B S B IR IR I 22 /D S RS (14 A R A
TR0 £ PP R DR 0 P AR 2 A PR A B PR T

£% LFTid RTSG BABAFMITER, A FEi Rl vth
HR BT IR S

A Lk

(1]  frfe. s R bR il 2% b BB R r IR A A A 2 A B 7
[D]. 220 Hr it AR koK 4%,2020

[2] Muyonga J H, Cole C G B, Duodu K G. Extraction and
physico-chemical characterisation of Nile perch (Lates
niloticus) skin and bone gelatin [J]. Food Hydrocolloids,
2004, 18(4): 581-592.

[81 T, J . S B e i W IR PR 4R B L 2 R 1t B i [9].
£ 7T 57, 2020,41(3):159-165.

[41  B/NT7 BT i <, A A P R A B B AR BB R A2
[3]. & & Tk RHY,2017,38(14):167-170,180.

[5] WA e e, It AR W A % AR IR T AL BE 2% A 3],
B AR 4R,2013,32(2):189-194.

[6] 7eZii, £ J 5L, & — b £ PR U 24 BAE FALAR 1
DX 2 25 R 2T AL 0] K A6 42 55 24,2021, 17(2):136-140.

[7] S H i, 55 A H IR OB FE R A e B2 D). h A
K24, 2019,34(6):2593-2598.

[8] At vt th i W/ 20 A i R AZ AR PERT 7T D).
I T4 K 25,2021

[9] Abdelmalek B E, Gdmez-Estaca J, Sila A, et al
Characteristics and functional properties of gelatin extracted
from squid (Loligo vulgaris) skin [J]. LWT - Food Science
and Technology, 2016, 65: 924-931.

[10] Huang T, Tu Z C, Shangguan X, et al. Rheological behavior,
emulsifying properties and structural characterization of
phosphorylated fish gelatin [J]. Food Chemistry, 2018, 246:
428-436.

[11] Sha X M, Hu Z Z, Ye Y H, et al. Effect of extraction
temperature on the gelling properties and identification of
porcine gelatin [J]. Food Hydrocolloids, 2019, 92: 163-172.

[12] 4. By o %t ta S I K L Z T FE [D] AR AR
AR, 2012,

[A3] 83 R 245 5 1 ) 3 S S SE B S [D] B LI K
2%,2017.

[14] Bae I, Osatomi K, Yoshida A, et al. Biochemical properties of
acid-soluble collagens extracted from the skins of
underutilised fishes [J]. Food Chemistry, 2008, 108(1): 49-54.

[15] Chen T, Song Z, Liu H, et al. Physicochemical properties of
gelatin produced from Nile tilapia skin using chemical and
fermentation pretreatments [J]. Food Bioscience, 2022, 47:
101650.

[16] RHEFS. i th 5 R B PRI 58 X L RE 2k [D]. &

83



MK EmBHL

Modern Food Science and Technology

2023, Vol.39, No.8

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

84

LA BTl K %,2016.

DT REN N, R, 55 T AN R R BT % i i 41 B2 Ji
B AP LU FE[0]. £ A A#4,2016,37(1): 74-81.
Benjakul S, Oungbho K, Visessanguan W, et al.
Characteristics of gelatin from the skins of bigeye snapper,
Priacanthus tayenus and Priacanthus macracanthus [J].
Food Chemistry, 2009, 116(2): 445-451.

Cheow C S, Norizah M S, Kyaw Z Y, et al. Preparation and
characterisation of gelatins from the skins of sin croaker
(Johnius  dussumieri) and shortfin scad (Decapterus
macrosoma) [J]. Food Chemistry, 2007, 101(1): 386-391.
Matmaroh K, Benjakul S, Prodpran T, et al. Characteristics of
acid soluble collagen and pepsin soluble collagen from scale
of spotted golden goatfish (Parupeneus heptacanthus) [J].
Food Chem, 2011, 129(3): 1179-1186.

Tan C C, Karim A A, Uthumporn U, et al. Effect extraction
temperature on the emulsifying properties of gelatin from
black tilapia (Oreochromis mossambicus) skin [J]. Food
Hydrocolloids, 2020, 108: 106024.

Nagarajan M, Benjakul S, Prodpran T, et al. Characteristics
and functional properties of gelatin from splendid squid
(Loligo formosana) skin as
temperatures [J]. Food Hydrocolloids, 2012, 29(2): 389-397.

Kaewruang P, Benjakul S, Prodpran T. Molecular and

affected by extraction

functional properties of gelatin from the skin of unicorn
leatherjacket as affected by extracting temperatures [J]. Food
Chem, 2013, 138(2-3): 1431-1437.

WU F R 815, 5 BT, 55 AN ] S HDCIRL PS8 X 1 M 21 B B s B
A5 R[], B A}2,2016,37(9):117-122.

FEAS KSR, B R, 55 e - BRI R R 75 F8 B WIS B AL A
JRAMHT ] db A, 2021,42(11):108-115.

RIBURE, B, 281, 55 SRR BE X 2 A 4 B B IR B AL
BRI [I]. & 5 Lk A, 2018,39(23):37-41,49.

Jamilah B, Tan K W, Umi Hartina M R, et al. Gelatins from
three cultured freshwater fish skins obtained by liming
process [J]. Food Hydrocolloids, 2011, 25(5): 1256-1260.

(28]

[29]

(30]

(31]

[32]

[33]

[34]

[35]

[36]

(37]

(38]

Bhat R, Karim A A. Ultraviolet irradiation improves gel
strength of fish gelatin [J]. Food Chemistry, 2009, 113(4):
1160-1164.

Norziah M H, Al-Hassan A, Khairulnizam A B, et al.
Characterization of fish gelatin from surimi processing
wastes: Thermal analysis and effect of transglutaminase on
gel properties [J]. 2009, 23(6):
1610-1616.

R FREe AL, iR, A B R A I AR E MR T RE R [0]. o
[ 2741, 2018,18(5):195-207.

B, RN, SR et B2 W IR K ER A o K S
I3 M) & SR, 2018,39(10):40-45.

Casanova F, Mohammadifar M A, Jahromi M, et al.

Food Hydrocolloids,

Physico-chemical, structural and techno-functional properties
of gelatin from saithe (Pollachius virens) skin [J]. Int J Biol
Macromol, 2020, 156: 918-927.

Wei P, Zheng H, Shi Z, et al. Isolation and characterization of
acid-soluble collagen and pepsin-soluble collagen from the
skin of hybrid sturgeon [J]. Journal of Wuhan University of
Technology-Mater Sci Ed, 2019, 34(4): 950-959.

Veeruraj A, Arumugam M, Ajithkumar T, et al. Isolation and
characterization of collagen from the outer skin of squid
(Doryteuthis singhalensis) [J]. Food Hydrocolloids, 2015, 43:
708-716.

PR XM, o, A 9 40 1 R IR R AR 1 SR IR LB
REMHTI]. B fhARk2,2013,34(23):41-46.

Cao S, Wang Y, Xing L, et al. Structure and physical
properties of gelatin from bovine bone collagen influenced by
acid pretreatment and pepsin [J]. Food and Bioproducts
Processing, 2020, 121: 213-223.

FRZE, 05, T, S R E A AR AU A IR TR B
FEPES 9] & AR 2,2018,39(12):101-106.

Kaewruang P, Benjakul S, Prodpran T, et al. Physicochemical
and functional properties of gelatin from the skin of unicorn
leatherjacket (Aluterus monoceros) as affected by extraction
conditions [J]. Food Bioscience, 2013, 2: 1-9.



