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SR, D Rk K Wt 2 A o 2R A ] Wl Y J o i 28R
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(Sodium pyrophosphate , SPP ) 7F FH Jie # iR £k i 4 v
WE ISP o R T R IR B 3k Xof rh AR M 1) I Je 254
BERCRPE | TR S R S LA SRR 1 B e 1
ANBAIT , BT A TS B 1) A 5 P T ) A DG
WA FFIRA

r A BRI 7 ) S — b o0 DI B B ) A b
i AT A S ST RGE o ARG FTI A
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1 #REFEE
1.1 RS

ARSI, AR R Y T Ol K
LRV, B2 i IR S 2 Al 3
G TE 55 COKIBHHEEL 6 h, VR T 145 3 4
B

RN LR, T2 SO A A BB AT R
/3 H] s HCL NaOH , [ 25 45 P A 27 30500 47 BR 2 7] 5 4
PR B 07K Bt R 0, R i T R Ak 2 A R A
A R EUR AR N S AL T BRA D
1.2 U#{5E&

PHS-3DW #! pH it , & HE M AL &5 5 75 A [R

73] WSC-2B FAH #5 20 %5 (0 2243, il i)
G A A S A FR 2N 7] ;IR Tracer—100 %Y B 7%
e LT HMETEAL , H A B 323 A 5 5 50 TESCAN MI-
RA LMS i 7 R is, bt WA RERHEA
P2\ E) s MDS—15 BU G 19 M A, 75 JH B AL =AY
T PR ] ;721G R AR —T WG/ 66 AL,
Y ASCHE 43 BT A AT PR 22 7] s Tanon 4600SF 78 R Jit
A, At il A= P 4 ARG RS W s MCR92 A i
AL, G AR WA BA 2 A BR S 7] s TAL.GEL B kg 4%, I
TR 25 S0 & Je A RN W s SHA-C AU K i e iR R
it , M E AR 1 A PR A ] LGI-12A T
ZER R T RAL, bt IR R AR A R A A
FSH-2 U] sl S 200, % M E AR e A PR
Al
1.3 RKEFH*
1.3.1 B fbeet: CTG Myl 45 MR 4E Cen 25121
07 ¥E I W B & vl , CTG : SPP % MR L 51 A 40:0,40:
1,40:2,40:4,40:6, % SPP ¥ % CTG ¥ W (J&
WE6%) . ¥IE, A 1 mol/L. NaOH #
HCL R pH BT = 7.0, 3K IR 59 7E 50 °C
JAA 30 min BEER AL JE AR 25 BT K& BT 48
h, B 8 h# 1 IRZEIHAK B TR T8

1.3.2 BEESmMME AR E R 7 I
WAB 2, PRI 0.1 g 2tk CTG (F5 i 2 0.001 g)
FIHALE P A 10 mL BB , 1 mL XUE K, & T
T A i A, 2548 0120 °C 10 min, 150
°C 15 min #1190 °C 25 min, % B &G HAK T
BeAr, m 20 mL K, HER, REEINKERE
100 mL A Ay 3R I o 5 v, ) P At 3R] 25 11 i
YERG W BURRE IR W 2 mL K S5 28 IR T,
SOE T 25 mL HIERCE T A 2 mLL i ik B
50 o/ L PR BV W, AR FRE . BN 1 mL
TV PR M 75 T (200 /L) (1 mL 2K E (S of
L), #&5, K22 I 5, #E 05h )5, 1
em AR 7E 660 nm % <AL WO
PRI R LR E
1.3.3 AR ry I
1.33.1 @AM E B URT1E 0B R R
it TR LR b SR FH A 485 0KS %25 €0 28 A0 BURE
L' al b7 fH, RSB RE S 6 vk, HUOF
{H .
1.3.3.2  BERCHR BRI E O BT 5 4K 6.67%
PRt CTG %W, I A EE ISR J1 0, 7 4 C#AVk
16~18 h J& , i ik A A AT I o W02 260 2h < 4R
KA p/l0.5, FIRIRE N 4 mm, T RHEE R
0.5 mm/s", BEWCHRFE R T 2 4 mm AR JE I RK
RAERT1(2)
1.3.3.3  BCHEEWS R A I O BT & 3 %X 6.67%
PIBCHE CTG W, W 4 CE AE 4 CCF 25 C
T Fal A Bm A BRIE RO S s 2 1
W, B E B IC5 W WS W 43 B, i B[] B Ay 1
2 114 g 45 1) ] %)
1.334 i F e B OB & 4 5
6. 67% MMM CTG %W, At HI it 28 {300 k47 3
J12E R IR A IR E N 25 °C, BT U] R
AR AL TG LM 10~1 000 s™, W 2< B 32 Bl 59 U1 3 R 1
Ak
1.3.3.5  Fe o5 ek Fi R0 Js Ak 58 F 000 v L 1) O
I3EL 6.67% M EPE CTG ¥, 3 i it A8 430 Headk
11 8 A5 B T A5, WX A5 Sy - [ 7 A8
M 5%, 18 E S E N 60 rad/s, FATE IR E LR N 5 C
—45 C=5 C, FHR H N 2 C/min®™!, WL 3L AL



74 hoE g

ol

2025 4E5 1 1)

(G FHERE (G BEIRE N 2,
1.3.4 FLibrkag
1.3.4.1  CTG Faae i) £ e 2% 2L W 1 il & S g
HRYE Yang %P BIF 58 77 15 -0 S8U1E 0, il 4 AT
W (2,4,6,8,10 mg/mL) i CTG ¥ W, 3K
pH {54 9.0, ¥ 6 mL CTG %5 3 mL fa il
RA, FEEAHEALLL 11 500 r/min % #H 2] 3 2
min, 73] CTG & M iz 7L . FLAE 4 CHR
FF o TEFFE B9 B R] A5 (0,3 h F1 3,28 d), 1
H AL B B 3N P A FLR ., SR ST =0k
WA W B A RO 40 AT O A AT . Gt
R 5~7 5k 37 % 29 600~700 A~ ,
o T W AU R KN, FLAR R B (CD) (1)
HE.
i) = WA 100 (1)

1.3.4.2  FLIIE M4 HOR ZL IR e M8 £l il

MG Yang 5520 7575 4% 5 L B AR & 19 f
MFLE 2 B A #] 4.95 mL 0.19% -+ — %t 3 i fR
B (SDS)HE W, 43 A 4E O min A1 10 min B 58 E
10 s, IR G A, RAEIN-F] WG 00 E
T 2 HAE P K 500 nm AR R WEOGRE  FLRS T
$8 % (Emulsion activity index, EAT) FlZL i fa 2 M
$5% (Emulsion stability index,ESI) 1 F 235 .

2y _ 2%x2.303%xA xN

EAT(m7g) = oxCx10000 2)
.y A At

ESI(min) = Ao (3)

KA K 0 min B 9 I EHE 3A 4 4 10 min
B IOGEE SN R 2L IR A 76 BEAS 4, 10050 S T AH
(4 A B 53 400,0.33 ;€ Oy I 5 TR 1 5 o VR g/
mL; At HAREETE] 10 min,
1.3.5  S5f5rHr
1.3.5.1 SDS-PAGE 43#1 7 B W B 8%, ¥k
B E N 5%, $ 0.2 g Bk CTG HE i 7 i 75
10 mL 10% + — %t BL 6 B 4l v ,45 C T & 30
min, ARG BEARLL 121 BRFIL 5 SxkE 5 28 o
WA, W 5 min, FAF 10 L B G W AKE &
FLA, 80 kV Hi JE HEL YK 30 min J&5 , 120 kV HL K HL 3k
2h, MIKEGHG, H% Sl il e ek e, R 5
JIGh €5, 25 B 145 T A
1.3.5.2 (HHEMHZR IS B 1 mg 2Pk

CTG ¥ it 5 150 mg 51649 T 35 34 A Bk v 58 53
JFE R, A o R AR e 2T AN A AT
HHEEE R 4 000~400 cm™,

1.3.5.3 WEMEIOLHH  SH =N kIE
TP E R A A 1 em B4R K A7 93t (1 9%
e BT HEAT I i YR I 295

nm I, 7E 290~480 nm & FE KT, g A
CTG 4 (2 mg/mL) 19 2 G o B o 49 4
12 000 nm/min, PMT HLJE 4 400 V

1.3.54 HHHEFRMES T BORETREM
CTG Ff 5 BRG] T I IR H Oxford Quo-
rum SC7620 Wk 5 B8 B A W% 4 45 s, W4 h 10
mA, i/l TESCAN MIRA LMS 148 1 1 5 558
(Scanning electron microscope,SEM) XJ B [ A iy
I TEOUL S5 A6 HEAT WL EE , A4 W e 100x 9 B -,
FOHE R s B A 3 kV

1.3.6 HIEGit Kb LB 3 A4
17, Bl UL P S0 45 HE A 22 7 2RoR |, 1 SPSS
23 iR B AT 4 B AL B P<0.05 FRon BT
W PE 255 R Origin 2021 #0847 %540 Ak 2
PSR

2 ZHR55W
21 MU LERARBEE

T UE B R AR B N T, R A W R ik A
5 CTG W45 &3 A 5sillg T AR S CTG 1
P &K 1 s, BEE SPP kR, Sk
CTG 11y P & At B 31, CTG/40:6 1 P &
B 5N (12.46 me/g) , & WIBE R AL S I & A, B
e BE Y SPP 2= 42 = W IR B I 7E CTG 456 %,
Cen SFM B GE R A MBI IC W) P & i bl
SPP ¥ B (3G I v o TR A ot b W AR
W 23 5 R b 22 SR 5 A R R 1 Uit B —
OH 1 & 2 1) &~NH, 2 2R Wk e R 1 1.3 51
AR T UL BAE AR &R 7 & BG4S
G TRERRER M 4> A G IR B A 43 Ai A
GG PEAE 25 5, TR SEBR ION T AT R AE R
[) ) 5 TR b 45 SR ) TR UL, 7 5 T R BIF 5 R, 6
CTG Wy EEAEP it 4544 DA I Pickering L Fa 22 M
BEAT T AL, LIESE SPP i tEXF CTG B4
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1 : CTG/40:0 ,CTG/40:1 ,CTG/40:2 .CTG/40:4 F1 CTG/40:6 43 il
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Fig.1  Phosphorus content of different modified

Chinese soft—shelled turtle gelatins

2.2 BB AR IR MR

22,1 ffi AR CTG a1 iR,
B SPP ¥ B R38m, Stk CTG W LT FEAIK, 6™ (E
B X R LSS N B AR o (AR
%#%ﬂ@i:T%%lﬁﬁﬁ@CHbzﬁﬁﬁ
C L= T AR R T BN X3 SR
IWRE@MEO

1 AEAREFELERRKN L.a.b &
Table 1 L",

a’, b" values of different modified Chinese

soft-shelled turtle gelatins

A e At K L a b

CTG/40:0  88.41 +£0.22* 1.22+0.02° 6.39+0.21°
CTG/40:1  86.43 +0.11" 1.35+0.01" 7.46=0.10
CTG/40:2  85.65+0.04° 1.46+0.05* 7.98+0.12°
CTG/40:4  84.57 £0.02* 0.84 £0.01¢ 8.42+0.02
CTG/40:6  81.36 £0.04° 0.82+0.01* 10.51 +0.01°

He RFFRFREER A BEEER (P<0.05);CTG/40:0,
CTG/40:1 .CTG/40:2 .CTG/40:4 FI CTG/40:6 43 B 1L 3 CTG:SPP
Ho 1 40:0,40:1,40:2,40:4,40:6 s i A8 5 W] Rz

222 BERSSREE WK 2 Bk, BE SPP kRN,
UM CTG A8 B 3 B S 8 s B, b CTG/
m1%ﬁ&ﬁﬁf LK) 252 g, B TR B TE I
HEd CTG, X Al fE/2& M T SPP &tk m CTG

SIA T BEER LM, BhlR 3L 15 W 2 LR 5k 3
(1 NH* 22 18] (1) 25 1 A0 T AR 38 a0 T 358 fb ol i o
(102 1 o SR AR SR, e e ) R I A S 4 T R
FUTE T 2 [ B e T B R R, &
SOV T AEURE FAS Y 50 1 58 e X 45, e AT o i
JEO ph AT WL AR SPP Al Lk CTG B BE
S, v SPP XF CTG MY BEREPEfE HA —E
A

2.2.3  JRHERTIA] A [ i A e A A e O
[P 2 fros, FEE SPP v B i, 2otk CTG By
JREBE I TA] S B AR S T i o Herh CTG/40:1 14 e BE
] e, R 96 s, M H6E IR 1] 5 468 i i 3 5t 0 A 5%
I Jig ) 58 e P AR i, gk o [ i 7 o O
7 S PR RGN T E R BEL Lk 2 5 X 45 4 T B
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1 : CTG/40:0 ,CTG/40:1 ,CTG/40:2 ,CTG/40:4 Fl CTG/40:6 43 il
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Wi
B2 7RIE) B A e B AR Y R R 9 B 0 R R A )
Fig.2 Gel strength and setting time of different
modified Chinese soft—shelled turtle gelatins
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JENIE 3 s, bl 59 U0 3R 3G 0, Br CTG/40:6
PLSN  H B CTG ML BE e 5 Bk, Horb CTG/
40:0 ARG FH E B K, CTG/40:6 4] 4R 6 1 fie /)N
XAl HESE R R SPP B tE B A T BERRIE AT, B R 5t
IR T CTG 431 i) i SUSEAE B, 155 T )
28 B e 2 1) B RH EAE T 01 SR (AR TE R

F&, Bk CTG ydtsyvlfe )1 i & #£ 7, CTG/40:1 |
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(%6 X AT RE N CTG L 1 Wi R 5 P 5 7K B i
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Fig.3 Dynamic viscosity of different modified Chinese

soft—shelled turtle gelatins at different shear rates
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Fig4 Temperature scans of different modified Chinese soft-shelled turtle gelatins at 45 C-5 C and 5 C-45C

22,6 FLBOIEVEFR OIS E tEAE B b FL
TR T $5 24 (Emulsion activity index, EAT) F1 2L
fa 2 45 20 (Emulsion stability index,ESI) EIEAL
FUACHFPERY S 245 bR . W& Sa Fron, A ) ok

CTG %2 (1) a3 28 Pickering FLIR 1Y EAT {1 #R B
HHE CTG JiT e BE 3G i BE AR, >4 CTG 19 5T
W E N 2,4 mg/mL I, CTG:SPP 4 40:2,40:4,
40:6 M CTG 19 EATL B 2 &5, &l 5b iR,
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Effects of Sodium Pyrophosphate Modification on the Properties and Structure of
Chinese Soft—shelled Turtle (Pelodiscus sinensis) Gelatin

YIN Zhaoyang', LIU Yangliu', CHEN Zhihui?, HAN Jun', WANG Yuanyuan®, YAN Lijun®, SUN Jilu"
(“College of Food Science and Technology, Agricultural University of Hebei, Baoding 071000, Hebei
*Department of Biotechnology, Qujing Agricultural University, Qujing 655000, Yunnan
IShijiazhuang Aquatic Technology Promotion Station, Shijiazhuang 050000)

Abstract In this study, sodium pyrophosphate (SPP) was used to modify Chinese soft-shelled turtle gelatin (CTG). The
effects of phosphorylation modification on color, gel properties, rheological properties, structure and Pickering emulsion
stability of CTG were studied. The results showed that phosphorylation significantly reduced the brightness of CTG and
made it more yellow. Modification with low concentration of SPP (40:1) improved the gel properties of CTG, but had no
significant effect on its rheological properties. The gel strength was increased to 252 g and the gelling time was reduced
to 96 s. With the increase of SPP concentration, the gel strength, viscosity, gelling and melting temperature of CTG de-
creased to 196 g, 25 mPa-s, 18.6 °C and 27.5 °C, respectively. But its shear resistance increased. The structural analysis
showed that SPP modification made phosphate group covalently bind with CTG, increased the molecular weight of CTG,
changed the content of o and B chains, secondary as well as tertiary structures of CTG. The microstructure revealed the
change in gel network of CTG after modification. SPP modification improved the emulsifying properties of CTG, reduced
the droplet size of Pickering emulsion stabilized by CTG, and made it show a better droplet state. The emulsion stabi-
lized by CTG/40:2 had the smallest droplet, which decreased to (4.13+2.47) pm. While the emulsion stabilized by CTG/
40:6 had better creaming and droplet stability, its stratification began on day 5, and it had lowest CI value of 11.2%
after 28 days of storage. This study can provide theoretical and technical reference for the development of new aquatic
food gelatin with excellent properties.

Keywords Chinese soft —shelled turtle; gelatin; phosphorylation; modification; physicochemical properties; structure;

Pickering emulsion



