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Effect of Tuna Nanoscale Fish Bone Calcium on Gelation Characteristic of Surimi
Products

Zhai Lu'?, Yang Jiacheng'?, Chen Kang'?, Jin Renyao'**", Liu Zheng*"

(Mnstitute of Sea Food, Zhefiang Gengshang University, Hangzhou 31001 2
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"Design Innovation Center, Ching Academy of Art, Hangzhou 310024}

Abstract The effects of the microwave-assisted preparation of nano fish bone calcium from tuna with different additive
amount and 0.2% calcium chloride on the gel quality of surimi were determined. The results showed nano fish bone calcium
which compared with 0.2% calcium chloride had more advantages in gel strength, texture, water holding capacity and protein
intermolecular force of surimi products, although the activity of Ca®*-ATPase was not as good as 0.2% calcium chloride. Both
had no influence on the pH and whiteness values of surimi gels. The results of SDS-PAGE and Fourier infrared indicated that
Ca®" activated endogenous transglutaminase (TGase) to strengthen the covalent cross-linking of amino acid residued to form
more f-sheet protein structures, thereby strengthening the strength of surimi gel. So nano-fish bone calcium can not only
provide minerals and trace elements required by the human body, but also strengthen the physical and chemical properties of
surimi, and could be used as an ideal natural calcium source in functional foods or as a foed supplement.
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1.1 5

FF e A HalE, MilEEah AR AR, 285G 6 W (EPA:14.52%;
DHA:43.85%), RIFNHEFEAEEFYRI, rMbaRam AR, &, PVDC BRERE
45 mm) NS TR AEREEESDS). MR Z CH(TEMED). i, p-HiEomE. =Rk
FHE W BE(Tris) v ke, £[H Bio-Rad 28] BPHMEAM S FHERMER, FEWTEARA
g HEhFil e nthaig, EAERESRAERAE.

1.2 {UsR5iE&E

EF 410 B S TEHL, 2 Ashton 247 WFE-12 BURE#EREL, S XM0imMilm TRE R
f); TMS-Pro Fi#{, £ FTC {(2BAMAF]; Color Quest XE 8% {X, 32 Hunter Lab {X 23 H R &
#l; SpectraMax 190 & KEFbR{L, 3&E Molecular Devices 24#]; Mini-protein Tetra Cell T FL HLik
f8. PowerPac Basic HLK{¥. GS 800 &34 {, 3 Bio-Rad (X&FMRAF; T-18 B, #EE
IKA {X#HR AT Lynx 4000 B # 4% E0HL; Evolution 60s £54h4r G EETH, 32 Thermo
Fisher Scientific %> & ; Nicolet iS5 FT-IR J5i%{%, %[ Thermo Fisher Scientific 2% 7] .

1.3 Ak
1.3.1  #AKSERYH &

PREGE BA S g KR 3 min 5 H BRI ZBERTAR, 120 °CELAF 20 min. %
Bl 1 e B 58 EKRS, B pHEMEEISE, Mos%lEEAES 05%PHEEARE (LadF
&) £ 55 °CE§f# 60 min J5 8 10 min KEF. KEFEMAGEELTE 120 g. G IIZE 800
W. GRS (A 90 min AbFE, FFHBAEILE# .

1.3.2 @AM maE

K4rZHE GB 5009.3-2016 (fdhPK oMMl E) hEETEESTNE:, iEAFA2E GB
5009.5-2016 &b EAREMNEY PRI &SN E: EITZE GB 5009.6-2016 {15+ 51 1

gy PEERMIRENE: K218 GB 5009.4-2016 (& Fih Bz by ee k8 ki
e AEE P, . M-SR ESE GB/T 13885-2017 (Wkp4s, . 8. 85, . B, BR
S RREY FHETFREOGI%ENE: MERSE GB 5009.87-2016 & hEEATREY T A2
I B AT I .

1.3.3 gkl s &

i rmieHimbs S w4 80 HFE R 7.3 RS HAE M. 1 mL FEKREN 25 mg/mL
B35 WIS INE 9 mL A, 2EF 900 r/min B 74 HE 20 min, # &S AW . BH 60
mL & 0.07%H R, 3.0%H 5 80 & 0.06% SDF 75 F a8 n LA 7L, 600 r/min Fit$E 10
min {E 35, TG A &E IR 2.0 min FEEACKIL. 0 1.0 mL 0.1% 8w B @& il (CaCl i #8) T
B9k FL P, 600 r/min fiE4E 30 min 5N 0.06%55 B 4.0 mL, FHFEEAHE 60 min £ 499K fE 4
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1.3.4 GRS &
0500 g WiHmaEET 4 cCHEER, WEENH, SrdEdmA 2% e, AR R &E 5B 90K
1 FL0%, 0.1%, 0.25%, 0.5%, 0.75%, 1% 2%) L &3 IE4L 0.2% ) CaCly ¥, 5P i il e
10 °CLLF. fBEEREm A s, FH ZBn#ik (45 °C, 30 min; 90 °C, 20 min) #EHBifk, KoK
B HE 4 °Cr . UL ER T ERESRAERREANSE,
1.3.5 fafEER pH EM RS IE
pH &% GB 5009.237—2016 { ftf e EErdE o pH R8I E ) V4T pH E M E .
AR SR E iR R . BUORE Y T 4 000xg E# G 30 mine EIFIAE 105 cCEAMMBE P TR 3
h, REEZEILEMWE, RET S D 550 °Cxik, KRB\ EABSKEKIIR. HPRERKIE, HE
fe s mAm R, E sk e 5 .
1.3.6 BEEEERR R IERE
RIS PTRE 20 mm B EFEE, =i F T 30 min 5, TPA J7i%E B kgRedt, P/5S BRiE
Pdeo MRS )T BB 95 L
i 2 g P (- o) =T 358, P () [ B T (em) (1)
137 B8EERAENE
AR IEE S B 20 mm ERgEAE A&, T =il FFE 30 mine ME L. o bE. HEEANXQ)NT
HABEW).
W=100-[(100-L")+a" +b™|2 2)
138 BESEFHKHNEZREENE
AEBRFREL 3.0 g(W) B BEFE S, 3 ZIE4UEEE, T 50 mL .08 5000xg B0 15 min, B0
FE4°C, BKHFEMW). B\ AL (3 HHEHEFKI(WHC).
WHC(%)=Wa/ Wi x 100 (3)
A6 U1 B ) fR BE AR A FR R () IR IR O 28 348, 90 °CHEIR/KIE 20 min, R A BE LR ,
REELRAOBEE B XFEEmM), REBELA (D HHEEEREE
75 FAR R (%)= (m1-m2)mi% 100 (4)
1.3.9 & FERR L EER hIE
HERFREL 2.0 g S EERESL 5 10 mL A Atk 2 E DB R G, 4 °CHiidt: 60 min 5
B, WE EREhRIEERE .. EAER TN 0.05 mol/L NaCl (SA), 0.6 mol/L NaCl
(SB), 0.6 mol/L. NaCl+1.5 mol/L J£#(SC), 0.6 mol/L NaCl+8 mol/L JEE(SD), 0.6 mol/L NaCl+8
mol/L fR#&+0.05 mol/L g-#itk Z 8 (SE). fLiEfER LIl biFlEpkEERR: ETHASB 5
SAER, SEUSCESBER, BiKEAALSD S SCER, ZWMiELLSELS SD #x.
1.3.10 SDS-PAGE SR ik
A0 P A0 43 B T 4 R 4% 0 10%) R EE R . PR BE R B ol 1.0 g0 DDA 9.0 mL 5% SDS %
W, BIFIET 85 °CHEHEAKIE 60 min, #HEFE G0, W EFHES EEEMBEZARLE 111 8
Ty WK S min.
1311 {EEM IR S
5 4 VR T 11 £ B B R PR AL P e T B L 1100 TR SRR BEE 4], 20 MPa I FIEH, {HH
{8 B AR 20 A G (i . 76 B 400~4 000em ! T5 B A WS i, iR 4em!, FH 64 K.
1.3.12 s
56 #AE R H SPSS 16.0 #l Origin 8.6 $F{F ¥R 4 R E, ZREEMHRN P<0.05, BT
17 3 K.
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2.1 MABEERSEFHEN

HE 1R, SeadRySERS, & 5895%, o FRABEE A ezais, FEifthEEE
T et IR bt 20, RPHSAEEGNS. ST RcE. RO EOSE, S8
B 35.45%. K KA 8EE, 298 7.27%5 1.29%. HEAT R, &gt —HE SR
I AR, T R S R R R

F1 St R ()

Table 1 Tuna bone basic composition and content (%)

FLEL By Mk Y] A

g 7.27 3545 1.29 5895

ME 2 H, SOy RHRPE. BEE8E, 7518 88 383 mg/kg Al 51 662 mg/kg, 5
BEEL 17101 i ARESBELL 2:1, fFrEABXMEBERRER. 8. B SEASEATRSMEHETTE,
MEERNERKARERRERRIL AR E, TN M ANEREE, T PGS fR S (U 5
BB RV RANERAL.

F2 e paPa e SR

Table 2 The mineral elements composition and content of tuna bone

WnE Ca P Mg zn Cu

T mgkg 88383 51662 4500 17 4.83

2.2 Sk & B RS A M

S [ 5 T B 1 &0 2K o B (NFB )Xt i JBE T B 3 S PN B RS O S G B 1 B s R A 1Y
SRR EME NFB IRMEBEMME MM EAT&EE FREMOBEH, £ 0.75%EFKE. BN 02%
CaCly ) £ B8 B B2 Bk 34 4 F i B4R BE 33500 0.5% NFB, #IRE HHAHBIRF, X5 Yin S RAM
—H. # Hemung'Hl Yongsawatdigul FFPVIIHT AR, Ca?* AUFT LABE M IRYE TGase, LT LLK
SNHRFBAOCRR, RENKEAATHEAEELFARE, DR T HIEY TGase (LR, 2 RREL
HERAMBEH, EaRRME.
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Fig.1 Effects of NFB addition amount on breaking force and breakage displacement of surimi gel

i: PEDEFHERMAEAERES (P<0.05) : TRAEFHERHULEERES (P<005) , FHE.

R 3 afA, dngioRkEs ol SR R . FR ik, BRI DLV py R R . R A
UGG 1k Bt 499 K £ A I 0 0 ity S 2 N, AKX AT AR R DA K i ok N R BE A BRI P SR S R, AT A
KT HEREANL IR . MR L BTt FRAES, RRKEDMEYKRATHENE 0.75%
i, A& Ca 45 R T HUR U BE R NIRTE TGase, (2 i 45 UM A1 208 Tk 2k 22 T TF2 R IE A 20 TG BE
M B INECE R A M, 5 CaomRElan, —HmEARRERENR, AFTIHME
BRI R, N —J5i, BT B, BRI ARRTE TR, B RE R L. BESE
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FGZ 1147 g 280 1 0 Py R ol P AC 0 9 o B O I AN e AR . SN 0.2% CaCl: ¥ 05 %5 H AR EE BT
F o BB SRERE I B 0 R O R A BT AR T, (5 o A B AT T B, T B P9 R R
e W e B i

3 KA T R S SRR A 1 B

Table 3 Effects of NFBE addition amount on the texture properties of surimi gels

HHEN FhF i) kA3 FHiitmm N MR {4 mS

09G4 5 12.35+0.46" 9.4420,742 0,39+0,05 11.5620,34¢ 3,000, 13" 51,772,199
0.1%a A f 10,240, § 2 0 5440, 75 0.3740.03 12,370,358 4,040,670 53.04+2 240
0.25%a4 4 6 9.62+(0.84¢ O 56k [0 (1,380 042 12,434,400 4.3720.80% 56.90+2 88>
0.5% a4 fa 11.35+0.81° 9.57+0.76¢ 0.38+0.013* 12.5840.45" 4.4520.56% 57.33£1.55™
0.75% 44 175 12.360.51" 9,640,609 0,380,022 13.9240,24" 5.24+0,73* §8.45+4.51"
1 il e B 12,7 10,40 96840811 0,38:40.02¢ 12.840,22% 4,260, 78% 60.24+2,0748

2ot 13.6120,31 9.5540,37% 0.37+0.012 12,4640, 34 4,327£0,7 7% 64,301,600
0.2%CaCl; 10,9940, 14+ 901 0.38+0.03 12.464).57" 3.684).74" 58.77£2.307

ik FADNGFE R A AR R EEER (P005) ., F.
23 KI5 B EERL AL pH EAN AR S A0
P 2 nf, BEESCKEEIMA, fEELE pH 2 FREAESE, MiFmEN 0%, FK pH
fHA 6.90. RER, & 0.2% CaCly 82 A R0 49K 6545, @EEEER pH H¥EHIE pH
6.7~7.5130 7 [a] (b sk, U IR S0 g oK fa B A g BE R, T 10 BE R R 0 RS I T & A

T
LER S -
abc 3
FE  bed ol 5
';.- .! e
o 7 {;.”- 2 ]
et " r-
A bl ] b
T G A b v b
= i ;(.:_ e o
a7 LE 7 E v
"TEe A Vb b
7 e A b
7 e n
7 2 B b B
7 A b b
shrv Al U
A b e b
i 7 A b o
_'// e A o e
v I ; 1 B © ]
65
Cally 000 DD 025 0S50 0TS 100 200
EE SRS T

B 2 b d i I i £ S SEAE pH (R BY B2 0
Fig.2 Effects of NFB addition amount on pH value of surimi gel

PR SCHE SR 24N D i I 2 15 2 BRI UL P B 3 A PR DR A A R ot R o o A 3 G s L i £ 1
T B RGN, HA o LR ERK A S S, FREREE, a1
AREAARRFAEES SR, BB 3 AR, R B n T R S ) R R P R AT
WS SR, MEMNRAFTHNENNMN, MEESRAEENEFGENAY, JFNEAN
0.5%I0f, fi BE ] it b ol S & ROk R ORI, N 704.02 g/L. N 0.2% CaCly, Joolif ik & R
BAH SR, HAERT 0.25%99K ff i ol EF s & & .
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Fig.3 Effect of NFB addition amount on soluble calcivm content of surimi gel

2.4 MRS EEREAERNSRE

HR 4 Ak, fa BERER A 1 RE Bl 2K i FR N B9 n e B H S BRSO R AR AL, B ER
BINEN 1.0%0, fEERER EE R ME. BN 0.2%K CaCl FABEREAER S TTEAN, Wi
BE A e T REARSEN TR AR, BB OERA TH: HMER
AT EMEAN N, AR EUE M E f, MR EZN, SEAREMN: [k aE SR
ISy 2.0%H0, FREF R, T AR I DR SRR I o A R R BRAS R IIE ST, X5 G SRS U
25 R AREL.

e K fo PSRN BERY e MEETEG (2 1 0

Table 4 Effects of NFB addition amount on the chromatic and whiteness values of surimi gels

i a b w
0%l 24 i 5 69.37+1.30% -1.99:£0,08" 74640338 684141265
0. 1 vads 4 68.7541.07° -2.0420.06% 7.19:40,50¢ 67871037
.25 % 4 1+ T0.17+1.47 -1.90=0.05" 7.774).35" 69.12£] 30
0.5%E4% & 70.56+1,26% -2.094),05¢ 7.534).31% 6Y.5441.21™
(.75 % A 71.30+] 205 1,910, ] 2t 7,590, 57" 70,341 165
I Sk T3 1820607 -1.9920,07 8.3040.37° 71.85+(0.50°
207 4 4 72024121 - 1800, 100 81840 30¢ 70,7941 007
0.2% CaCl, 70.53%1.80% -1.98+0.06 7.714).55" 69.46+1 674

2.5 K5 & BERE R R Kt R R M

P 4 AT, BEE KON E M 0%EINE 2.0%, HEEREREK SN ME 0.75%5 A
i, Bi)G TH. ZEMAEESROKNESRNER, 2hEBEAER. 02%0 CaCl F/AKAOHBEZAMS
BAHES, BT 0.25%4K M E, HEZMEELRTEAR 2.0%90K 6045 . 9k 685N ERH
(ECH, EC e BE5  —F 0) i B VR B N R 1 TGase A BUR ME R, (2 T fi B ik i B 101 1 e 350 4 (1) 6k 2 W) 496 &
8, R EE MR AR B EK T ah i, R HERE B AR AR B R E K IR, DO 4R Bk i K
SrIEE ), MEERRAKMR S, AEBKETRE. il P55 FAIEE FaEAS S B 5 TH Y FH S for
FIE ], EriiE R S KNSR LKA, BIEEAKN. E8KAEFENET 0.5%
B, ERFHEEMHRAERT, FRKABEAEER, SFNEFHEE, ME TS HEEA2Z Rk
“CEEHFCAR R O M AR A, H SRR R, B R I A R O, AR TR K A R, B
KATFRE, AERERE LA,
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Fig.4 Effects of NFB addition amount on water holding capacity and cooking loss rate of surimi gel

26 RIS & EEE AL FE1E A SRR

fhFER R RO R =AM s, Has SRz MKARS. ARESFEON RSB EE
{23, AR S e i (10 S A R e i R 5 1 0 5 5 I 98 7 B o B 1 DO 109 = 4 A L 0 45 i L
LM, BKMTIAERI RS B ORI &0 EEEN T, Wi & G PRE 7 T 8 AR .
B2 5 ATk, BEEPKOEHEMERNSEN, Brad. sUKHEILERM ZmEs LA EENERY, &
ROEETRES. HETOGRH, 0.2%F 080 5 0 BRI E T, SAGHETER N iR
A RERTT, HETE 0.1%~0.5%M K6 B i M2 ERAEHE. FREERN LA kS aE$
THM CaZH K, Ca¥ W UAMGHEHA DTN TGase, EMEHAMABAMBIEILMNCH, KR (- B R
LRI E M % R AE, AT TR S RN, FK, Ca M1 CIAl 5 & A 27 F i A B HL A 1 25
MEARR, b 3 T Ay T R R A A SR SR A g, SR LR B B AULEY R A e A
R ACHE () AT S A i, 5 ICHR IR AR M2 o R 0 A 7N A O JE P 5

5 HAECR RS e BE R (K A 1R F O e

Table 5 Effects of NFB addition amount on the chemical bonds of surimi gels

et it i E A — Hih

D%l f: fi 5 0.11+0.01¢ 0.7320.06° (6540014 1.16:0.01°
0.1% 9454 i H 10, 18+0.06¢ 10,490 06" 1.050.11¢ 00,2605
0.25%4 0 E 01,3420, 100 0,320,05¢ 1. 18006 01,420,044

0.5%H4 iy (1,300,041 0.3140.04¢ 1,240,009 (1,450,034
0. 75%aR A T 0,500,052 0,220,024 1,410,050 (1,720,052
19neh A fr 0.540.03° (. 14+0.01¢ 1.37+0.04° 0.51=0.04"

T al s i 0.5020.05° 0.1340.02¢ 1.350.05" (149,04t
0.2% CaCls (1,320,030 0.3140.01¢ 0,050),02¢ (1,390,034

2.7 49K E & BRI SDS-PAGE & #f

I 5 nf k1, WIERE G S FEMHC) B g K f 5 30 & 0 38 i 20w FH e s, Birdah
g RINE 0.75%, HALES S AR ST EAHE 8. dTaEPRkE Ca> it TGase
GG IEA, Mimseft TGase fiEfb i, {2 NIEE B &80 H 2B (Glu)E R p- RS = (Lys)
Bkt e-m A2 M RAEILMAABAEH, £ FHNESTFHEE (- BEBE BRI, X
HOMAHEELE. BEKER ca, (REURSTEEAMMETERIERRESR, REEAEMN
AR T A0 SRR TR A S B A IE R A . SIRER ca¥ i 5 E A RMEE L -coo HME1FH
Ay T B T B 281, 0.2% CaCla ) MHC 2575 B8 [ FEI 0.5%49 K o, 5 ik BERE I s 1 45
.
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Fig.5 SDS-PAGE patterns of surimi gel

i STD. HEEAM b, MHC, WEREAES, AC UaiER. ™. EUERERS.

28 BEERPERRSHNTNL

B 6 Son T H AR & E40K 6 R 0.2% CaCly H2 5 1) £ 58 % iz 1 il HL B e Ah kit . 7849 1
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