™ El O v LR 3010 8 1 gl 5 H 5 30l
' M Scopus M ek D91
2 b 3 @DOAT @1 ERR M
M EBSCO O i R B D FICSTPCD

SCIENCE AND TECHNOLOGY OF FOOD INDUSTRY MCA M B DA RWITFIRCCSE A*
FFSTA 2 ISR MR T (WICT) %
L L 1 R B 5 TROUR AR P U LR85 DT

E TR AHEENSRAKRBEOBER T ZIL

ZRE, E OB, ek, BRZ, AER

Optimization of Protease Digestion Process of Tuna Cooking Liquid Based on Bone-enhancing Activity
WU Yuxi, WANG Ying, LIN Xiaozi, CHEN Bingyan, and HE Zhigang

TEZR R BE View online: https://doi.org/10.13386/j.issn11002-0306.2024060372

FRAT RRIRGERE HAN SO

Articles you may be interested in

GG 2R E A RBP4

Optimization of Protein Extraction from Tuna Cooking Liquid and Its Property Analysis
B R 2021, 42(23): 228-234  https://doi.org/10.13386/j.issn11002-0306.2021040151

M [ 01325 00 P A 12 28 RS TBUA I ol Tl R R BB T2
Optimization of Preparation of Seafood Flavor Condiment Base from Tuna Cooking Liquor by Fermentation

£ Tk BHE. 2021, 42(21): 166-172  https:/doi.ore/10.13386/1.issn1002-0306.2021010165

S T A8 10 28 R RUK IR S HA T e AR IS
Preparation of Hydrolyzed Peptides from Anchovy Cooking Liquid by Complex Enzyme and Its Antioxidant Activity
B TR 2020, 41(9): 131-136,143  https://doi.org/10.13386/j.issn1002-0306.2020.09.021

P D I B AR £ S I P IR TR
Optimization of Ultrasound—Assisted Enzymatic Hydrolysis of Immune Peptides from Thunnus albacores

Brin Tl BHE . 2024, 45(2): 168-174  hitps://doi.org/10.13386/j.issn1002-0306.202303001 1
rh AR T v ) B T B O 8B A L BT A 0 A

Analysis of the Physicochemical Properties and Osteocyte Proliferative Activity of the Enzymatic Hydrolysis Products of Chinese
Soft—shelled Turtle

£ TR . 2022, 43(15): 81-88  hitps://doi.org/10.13386/j.issn1002-0306.2021100235
A ZE T TR | IR AL B R KRV A T

Antioxidant and Deodorizing Treatment of Tuna Steamed Juice and Development of Its Flavor Salad

£ Tl BHE. 2020, 41(4): 153-160  https:/doi.ore/10.13386/j.issn1002-0306.2020.04.026

KEMAF AT, PAFHE L


https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2024060372
https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2021040151
https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2021040151
https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2021010165
https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2021010165
https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2020.09.021
https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2020.09.021
https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2023030011
https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2023030011
https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2021100235
https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2021100235
https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2020.04.026
https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2020.04.026

5 46 % 5 114 i Tl B Vol. 46 No. 11
20254 6 H Science and Technology of Food Industry Jun. 2025

FPIPG, e, RIS, A5, BT BT P 0 G A £ A% AR AR T 20 (0] B Tl B, 2025, 46(11): 224-231. doi:
10.13386/j.issn1002-0306.2024060372
WU Yuxi, WANG Ying, LIN Xiaozi, et al. Optimization of Protease Digestion Process of Tuna Cooking Liquid Based on Bone-
enhancing Activity[J]. Science and Technology of Food Industry, 2025, 46(11): 224-231. (in Chinese with English abstract). doi:
10.13386/j.issn11002-0306.2024060372

- TEHEK -

ETREFEEN SR aEEREO R
B T2k

P, E OB HRERE BRRE, RN
(145325 R VA F 1 R = Fodn THFR T, 48 3248 M 350003 ;
DABERR TR (B%) mIEE LT, BEHMN 350003)

W EATAHERERART OBEMHO I, FRAIIRE @IS, RA 6K QB KEE
WEeRAREO, ALFARZOBTAARETOBRMBE, S TEARAEARBARGY R, TN 8B DR
g EN AR T L. X AW, ﬂiméﬁwﬁﬁu&&mé’y’\#@%z@%%ﬁ&%éﬁ&ﬁ%ﬁ (53.51%) . BE&fgdh
8T Ik & bk 85.85%, HEAH AR, BEAR. KA ARFEART @A TR IEALR, BE OBER
b9 R MG T E T AR, R B X R T4 y=0.4139x°-20.558x*+49.581x+99.203 (R’=0.9597) . £ EXiX
IR IF IR E OB R AER AR T ¥ BMEET A 3.5 h, BEARIEE 50 °C. BErbi 10000 U/g. pHS.0. 4 & KA ik
FOLERRKRIETEMY (I mg/mL & QKE) (R FmIEiE 5K 136.71%. B, BREQELEL 42462 RF
e fLIE T E IR T\ B B o

R e B R FR, AR M BE FHK, KR, T AR

FE S 2S:TS254.1 CEfARINED: B XEHS:1002-0306(2025)11-0224—08
DOI: 10.13386/.issn1002-0306.2024060372

Optimization of Protease Digestion Process of Tuna Cooking Liquid
Based on Bone-enhancing Activity

WU Yuxi?, WANG Ying"?, LIN Xiaozi"?, CHEN Bingyan'>", HE Zhigang*"

(1.Agricultural Product Processing Research Institute, Fujian Academy of Agricultural Sciences, Fuzhou 350003, China;
2.Key Laboratory of Agricultural Products (Food) Processing, Fuzhou 350003, China)

Abstract: In order to clarify the physicochemical characteristics of the proteolytic digest of tuna cooking liquid and to
investigate its osteoblast-promoting activity, the proteins in the tuna cooking liquid were separately hydrolysed by six
proteases. The effects of different proteases on the proteolysis, molecular weight and amino acid composition of cooking
liquids were investigated. The osteoblast-proliferative activities of different proteolyte was evaluated and the enzymatic
process was optimized. Trypsin showed a high proteolysis (53.51%) of tuna cooking liquid protein. The proportion of small
molecule peptides in the hydrolysate was 85.85% and was rich in glycine, tyrosine, phenylalanine that promoted osteoblast
proliferation. Trypsin hydrolysate had the best osteoblast-proliferative activity, the dose-response relationship was
consistent with y=0.4139x’-20.558x*+49.581x+99.203 (R?=0.9597). The optimal enzymatic process of trypsin was
3.5 h, 50 °C, 10000 U/g specific activity of enzyme and pH8.0. Under the optimal process, the osteoblast proliferation rate
of the tuna cooking liquid protein hydrolysate was 136.71%. Thus, trypsin has the potential to produce active peptides for
osteoblast proliferation in tuna.
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LA A (Tuna) J205 5 AN ETE B 658 R /K
PRI S . SRR —Fh RS, &5
JoT, BN T e | fa g AR A, Stedn
R (Tuna cooking liquid ) &4 7E N T A% )
TS AR IR i EZEEN ) 2, 8 & 5 I
SABER M TS PR A IR, SR, A faZE A
WA A3 RAF T 2R, 222807 b ST HER,
A3 AR BT EIRTR 2%, [RIRT 2550 5 /KR & 57
1B, FEb, S 2R W e E AL & FHAMY
BEASHIGZ I i) e BT AR /K HE, I Re e ™
MbAE, B e A = in T e MHIn(E.

WEE AP — 2SR S 22 )15 P R (Biological
active peptide, BAP) PRI, | ¥Z 534 T4
SRABEYAR N, T3 AR AR T AR A A ). TR
T BAP BENERIT 1118 5 A ML IR 1=, AEdF MUK
FasE, LR IR Bk IR B, TR B BEAAl . R
PSP R R A E I TR B BUERAA S E RO, H 2552 5
WS DG . B JBUBRARE 7 1 19 IR SR Fh 3l
YsEi T, A P EAK O 2B UE S RENS R PR B 4 i
WigH | St F Ve, ELAFST & 30 e - H e 2
AT, T/ INRST AN SRR e P 9 1S [ A=
VEF LR, I, ARSI AR vV
— R E R E SRR, B N T B BB AARE 1Y
TR AT

PIZR AR B A AR O I8 R ZE R AL T
B EARSCR - BR B IR SR IR . E AT, £ 04
MO ZE B WS TR B WA AR SCHGE . E IS 1)
MRS, S5 10 R IR 5 1 M ES I g -G R
SRR B TR BRI B S & i, I GE N
IR 5B 23E.  S50 158 FH 23 O SR U AR A,
RAFRTT R 1A E RS M 0B e R AR SR IR PR ph sl B
A XS AR, A Y B R
FHEH, HPEBE SR S B2, 1A, &7
EESEAU O (RIT ST K B0 A A - E RS IR B LS 2S5 e
e B E MG 5E . Sk Mt Jy oy TR it T
IR . XSRS S A fa YR AR B R R o
K5 HEAE T A T RFEARE . AS SR B
B A A0 ZRE A R AR TR, T 38 et 435 1 Pl X L i

TR, ISR BB AR I A P K A )
[l vivy s iR o B e = o
1 MRS
1.1 RS EE

KB, KES(Thunnus obesus) 258K
tE R R A FR A R, St it s oL AnaE =
BLOALUBMARETR . AG fa ZE R SAEZLAT B8 RP26
gk LB SEAMFEGN CCRERE TGMO-1 UEF A Y,
Horp e A S FLIA A 5%107 CFU/mL, BELE R 1%
107 CFU/mL, A& PFEHE] S 72 h, 4B /5 —20 °C £429% .

S E, St ZE AW B EAR S E N 456 g/
100 g. FRVATESE A1 3.49 g/100 g, FEAMEIL &
A 0.15 g/100 g IF HE Y 3.29%. K3 &
4.50 g/100 g. 5N & 54 0.50 g/100 g; ¥ A & IR
(Hyp) & AT £ . 2R (413 =98.00%) . 1)
MEE s (4 EE>98.00%) db IR R A YR FH
MEMa Bi 32356 | G4 TS « 75 85 3 55 5% R M (XL
Ho) . ZHIEWR(DMSO) | 0.25% filH ., BEfthez v
W PBS(pH7.4) EIIHRTAMHARGIRA A
MC3T3-E1Subclone14 (/N 5 /5 10 /i -5 40 Hg IV 72 B
1) dufy PG EFEA frRH A B A 2 5L bR
HeS dE T RS HEY T & ol BRIBE Mg
DLE BRA )2 F 5 sh¥) /K figt i 1 g (60823+133 Ul/g)

TR EARE A YR A R ITEA F 2 A
F106(24963+188 U/g) &I\ F]; 3% & & X
(37956225 U/g) . ARJNIE HEF(31022+258 U/g) | ik
P 2 B (75999+£293 U/g) . i 4 1 AifF ( 62866+
165 U/g) {LonEtBHAMRIECA RS E], 6 FhEE AT
FRIREEIE 2 BT AR SB/T 10317-199912 45 —FRAE .

K9840 #U APl ICE RN MFREARILARLE

Iy A BR N Fl 5 T&J EnzyR U A= Wil i 2 N 5= 5t

SHL SR A AT BR 2N Wil s Epoch2 2 4 K ifibR X
FEMA B BRN 75 S-433D A4 [ s L0 5y
BT fEEFERI F; 2695 KGR IS
& ETRARF AN SR AT FRA R Ts2 BTSSR B W s
JE MG AR B (T ED A FRA T S bikE 3748

S EFEBR IR BH A BRA T .
1.2 SLWHE
1.2.1 Mo zEB R E D w T e 5
17 T2 B A BF S, 435I BUR R AR 25,
W 100 g, FEHE LLIE 10000 Ulg (W% /M0 28 30K
SR D) B LRI A B, TE 25 55 1 il AR e 24K
TR TR, WK 1. DL 0.1 mol/L NaOH ¥ H 35
e TR pH, BEAFEITTE] 4 hRYE 9286 120 18] AT 25
1SR B o BRFRES IS, BEEAR 95 °C KB
. 10 min K, 8000 r/min. 15 °C. &.C» 10 min, I
EWAEIET—20 °C, £

1 OR[EE B R B S5
Table 1 Optimal enzymatic hydrolysis parameters
for different proteases

el pH Figfire i B (°C) itgfige i 18] Ch)
BRI 7 55 4
HTCHE(F106) 7 50 4
W E I 6.5 45 4
AR 7 50 4
B2 9 50 4
[ I 8 50 4
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1.2.2 BAEFEHRIE

1.2.2.1 HHFBT . BRIAMES F Bl e
Z: I8 GB/T 5009.5-2016! (& fh 22 4 [ bRl £ 0%
HREE BRI YA TN . PRI MERR 1SR GB/T
22729-2008" I HE AR IR YIS o Tl T
AU

X, - X,

D(%) = -— = x 100

. D FRIRBEFF, Yo; X, T2/ B o IR 1
I (g/100 g); X, FRORHFAERTH A (/100 g);
X, FHHRAITRE RS (g/100 g) o
1.2.2.2 JFEEAILBHARSYr SHZHTEMEE 1
J7 I E i S R, (AT Sepax AAA (250 mmx
4.6 mm ID), BEEEVENG: 7RBIAH A: 0.1 mol/L A%k
AR (pH6.5), Wi shAH B: LN, 7€ 35 min W, ¥
ZhA B B 5% MBI ZE 40%, I444F 10 min, #ish
FH PR : 0.5 mL/min, FE4H W EE: 35 °C, KUK K
254 nm, AT 1 L,
1.2.2.3 FHAFSrF NG SRS SORAH %
¥, =08 GB 31645-2018" & S &2 e FE AR vE IR
B AT I 5 2 3R ) 41 0 e 531, SR FH AR 22
SR EARRT 53 BT A I B £ PR TS o
1.2.3 {ERE AN sa G Moy S AR 1Y
J7iE, LA MC3T3-E1 Subclone 14 A5 # 4 g 14 412
JCE ARG FE TS PR R . A2 MEMa ¢ 25557
FLFE B A KRR 80%~90% J5 K 0.25%
JEEREFE AL AR, A BE AR REAS TR (LAIA

WL 0.22 pm R E /S S5 A0 By 3R R R %
AN 48 h 5, SR HBEME L (MTT %), 7E i FR{X
490 nm AL E A FE S R OYGIE, AR IS 5 28T TR
Fa /{1

Cpr(%) = gg;:zixloo

AP Cpr 27 4 i 3 58 3, %; OD.y; gy 4y A1
OD oy 73RN S B 2H AN RRZH WG RE
1.2.4 B 1T 2200k
1.2.4.1 FAEIZESCET  LAGHIE 04 98 1 B A w55,
LA, Pifg i 2 T AT il B MBS B S S 8, ST LA |
B A B LIS AR R pH R BA R ZR M BRAARSC 0 . B
AfrE] BEE 2. 3. 4. 5. 6 h, [& E#ff L% 10000 U/g.
pHS8.0 FIREE 50 °C; Hff i B 40, 45, 50, 55,
60 °C, FEERTIE] 4 h, fEELTE 10000 U/g F1 pHS.0; fiff
FEIE #E$% 8000, 9000, 10000, 11000, 12000 U/g,
AEBTTE] 4 h, pHS.0 FIVEEE 50 °C; pH #£4$E 7.0, 7.5,
8.0. 8.5, 9.0, ExEHTIA] 4 h. fiff tky% 10000 U/g Filik
B 50 °C. B St 95 °C KK 10 min J54&
128, 8505 (8000 r/min, 15 °C, 10 min), &4
15 pH7.0+0.1, M2 B (B R 1 mg/mL) A2

J%E LR 5 =R R

1.2.42 IEXCIRE  ARYFEARRSLIEEE, £
IR 4 AP ZE X AE A A0 4 3 T 15 R A B2
FH 3 AR TIEAS IS, g8 R 2K 36 2.

F2 M MZEEWE R T 20 Ly(3Y) IE3S TR
Table 2 Ly(3*) Orthogonal design table of tuna cooking liquid
protein enzymolysis process

7K - - ay— —
Ft g B 1] (h) AitE L (°C) fifi b % (U/g) pH
1 35 47 9500 7.7
2 4.0 50 10000 8.0
3 45 53 10500 8.3

1.3 R

SEES AR FATINAE 3 WK, DS IR AE2E R
7N, 2K FH Origin 3% 4 ( OriginLab 8.5) 1E &, & HH
DPS7.5 #44: Duncan K534 THE 2 (8] 04 2385 145
B, Forr P<0.05 3RoR 2257 L3, P<0.01 /R 22 550
B

2 ERESH
2.1 SitBRERECIGE
St SRS N L K AR 1 L T

(F106) . 385 B (Il . ASJINER PTG . D0 R 1 AL 1
T B KA, 22 K R B A e oty e 25 v L
A PREIAFAE B3 22 57 (P<0.05), W& 3, ARJNE G
Ab T A B R I =S, N 59.85%., IS SR
HRAH LEHE = T 18.10%; sh4) /K fif B 11 it A 5 28 11 T
A BRZH R IR 2, B R 24 A A B T 54.12% 5
53.51%, Z Ak S 5 ARACBIAR L4 S T 15.56%
1 14.29%, H & 8125 584N 8355 B2 AL Pl
PR Tl i 2 A, AN N 24.73% . 2Tl F106 ZbFiZH
PRI B 2 LR o BB, 18 496.81 mg/100 g, 5 A4k
HRAH LUHR S T 55.77%, DE 2R B AL B 2H B AIG, o
397.40 mg/100 g, S5ARACFHLAH LA IR 24.60%

3 PRI AR bR M MR
Table 3 Physicochemical indexes and enzymatic hydrolysis
rate of enzymatic hydrolysate of tuna cooking liquid
B IR TRV i IR Bt 2K E 3=
HEH(g/100g)  (mg/100 g) (g/100 g) (%)
S / 318.93+25.01™ 3.15+£0.01% /
AIREERE  4.1340.024 414.31424.7345% 3.72+£0.03% 59.85+1.71*

YK R
H

JEEFIEE  4.06£0.04°5 465.79+£30.65% 3.60+£0.025 53.51+1.50*B°
ECEE(F106) 4.04+0.01°%  496.81434.45" 3.54+0.02 52.01+0.69™
WHENEE  3.94£0.00% 400.54+27.915 3.54+0.02% 42.50+0.36%
BPEE T 3.75£0.03% 397.40+£30.214% 3.3540.01™ 24.73+1.38™
E: LA INGE AT 0T, KRS 58318 28 5 i 3 (P<0.01), /)y
g ??@mﬁ%ﬁ%@ko.os); 2 KB = IS R VA T AR i e A

AL P

4.10£0.02*"  463.36+£31.03*"" 3.64+0.034% 54.12+1.43*%

WFFELE R WIANGE Il . sh)K i 8 LA
K2 B P e <A £ 20 20 B 1 HLAT A e PO A 2
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R, HASAbFLH il 22 IR Ui 35 R & 22 4R
Ko ZHRIYTHEENS M5 HAH 4R IE R MR 25 UIAH
I AR B = A U 25 SR L WL 3% 4. 4%

SN, A5 A PR B A SRR B i B B, A2 T
(F106) ZbFH2H iyl 25 s FE iR & 5 5 AR AL B ZH AH b 22
SRR B ZE K (P<0.01) o A3 )38 2 AL BB gn it
WEFATE PR RRIE R H S H AR . FRER . KR
JHEIRFNZRPI &R, Al i (i il B A0 g
FETE D HETE RS 2 IR A0 B AR AR = B Ay 3
WK fire B 1 Tl A PR <R, 1 Pk ALh B2 <33 5 R 1 il
A BRLH <A IR A Bifg b PHAH <2 i B (F106) A Bl ZH <
Biﬁ% El BREALTEL . ?K [FE A @&E@@’éﬁ]ﬁﬁ%

ﬁﬁiﬁ, E’&fﬁ’ﬁi’:ﬁﬁ% Fiﬂw’icrbi% ’iﬁ%iﬁi& & Eﬁ_ﬂf&, N Uit
P S SRS AL T R R A (e /L, v e 1 )
BETG AT 55580
22 AEEBMEESYINS FRESH
S M 0 25 78 VAR 1 A T ) 00 S R S A A
El 1R At mZE B E A EZE LN TR
E, S TFREAHSr<500 Da 195 HikF] T 70.58%, X5
FREWE STRIFMEEANSS R 3., SOmAEEm
LT W7 S, Sk~1k Da 43 F=2H4r S b T
HH i %, <500 Da 4 FEgH 4 b B . 1
H<500 Da W2 55 5 bb il B HER - R ER
Tl . S KR 5 . B 28 . 2 el (F106) |
ARINEE 1B . 3% 35 2 Ui, o b5 9 o8 85.85%.
84.00%. 82.76%. 81.53%. 80.70%. 76.94%. & [

BEEAEFE RS E5 A0 M IR S 28 IR i [RT N, tofs <
M #0258 R B0 Z2 IR R /N3 el LR, AN )
AT AL BRI AT E 25 5

>10k Da 10k~5k Da 8 5k~1k Da

100 B 1k~500 Da [ <500 Da
Aab Aa A
ABab , b ABab ab
75
S
R 50
17
=
N 25
O %

K1 B Y AR T L
Fig.1 Different molecular weight proportions of each enzyme
hydrolysis product protein

T AR AL HE<500 Da 1E B B 2= 70T, RE PR
S (P<0.01), NEFRERRZER B3 (P<0.05)

2.3 ANEEBEEERE R & A RIE5EE TN

oA £ 2 AR AR = ) AR ol B AT Y
AREEFE PRI PRI R BE I AL e T R R ad i,
Il 2 Fr, XS TR RN O 0F A £ R R R F IR
s - R R A S P I E S 2R — 2. AR
W oK A S ICHE (F106) | 9 %5 25 I |
AN B L B S5 1 T A I A T A B ) e

T4 SO ZEE WS R R P U e AR 4 (mg/100 g)
Table 4 Composition of free amino acids in different hydrolysates of tuna cooking liquid (mg/100 g)

A=K =881 AW ANEOR  PKMEAR  WECR  ZERE(Fle)  WEECOR RO
Asp RAH R 3124036 4.64+0.64 " 5.33£0.47° 4.3240.54%%  436+0.51"  5.13+£0.63°  3.43+0.42°%
Thrif 54/ 2.54+0.28°  4.86+0.55° 52940395 6.73+0.56™  16.94+0.87  4.21+0.445¢  2.79+0.71“
SerZ2 %R 0.41£0.00™  2.77+0.79°P% 3 86+0.225 4.27+0.35% 791£1.10%  1.76+0.125P«¢ 1,280,115
Glufr &R 8.32+0.54%  12.00+1.18"%° 15.19£0.994 11.82+0.74%%  11.73£1.23*%™  9.38+0.54%  9.55+0.53%°
Gly H &R 11.340.96%  21.97+2.48"  12.30+£0.96%  13.10+0.64%¢  17.37+1.42%P%  22.24+1.48"  17.60+0.64"P
INEDSERN A 59.47+2.81%  72.53+2.17°°  69.09+2.45%  68.17+2.76°%°  72.75+2.63*  63.53+2.24%  69.65+2.43%®
CysPhtzz 2.09+0.17%  2.56£0.39* 2.6240.54" 2.5340.45M 2.5240.46" 2.60+0.314 2.69+0.64
Valfi &R 21.77+2.45%  23.39+2.12%° 26.59+2.38" 26.67+1.89%"  44.83+£2.88%  24.91£1.67"  25.50+1.43%
MetH 2R 2.55+0.09% 5.02+0.69% 5.32+0.73% 5.68+0.70" 9.10£0.83**  4.60+0.66" 5.14+0.73%
e 552z 1R 12.29+1.35%°  12.34+1.53% 14.32+0.95% 15.05+0.73%  25.37+0.90"*  12.89+0.75%  14.32+0.77%
Leu &R 32.2842.21%  37.84+2.78%B%  43.87+2.79%*  30.1942.66*B%  48.97+2.92  36.88+2.16"%*  34.49+2.36%
Ty 2R 5.70+0.78% 5.93+0.88% 891+£1.01%®  849+1.11%%®  6.80+0.76"%  5.82+0.73%  11.26+1.21"
Phe RN Z R 7.60£0.86%¢  9.89+1.114P%¢  12.67+1.184%¢  13.88+1.21°"  14.08+1.25"  9.62+1.16*%¢  13.42+].17AP>
Lysi z( /& 27.42+1.88%  31.4+£1.94%¢  44.17+1.99°  4554+1.98%  36.20+1.545°  29.06+1.36%  28.77+1.18%
His41 &R 60.39£3.96%°  90.25+3.714 88.04+2.814 90.72+£3.44%  91.26+3.63**  90.61£3.24**  90.82+3.33*
Arghi AR 11.55£1.62%  16.67+1.13%%  36.77+2.13% 36.86+2.14%  20.07+1.62%  16.88+1.21%  12.01=1.01*
Profifi R 20.44+2.83%  23.45+2.114 22.75+2.014 23.34£2.24%  23.38+£2.41%  24.55+2.10"  23.25+2.124
GABA y-Z 5L TR 1.86£0.42°  2.99+0.24% 2.48+0.214% 2.53+0.314°  2.45+0.27*°  3.51+0.27** 2.58+0.49A%
AsnRABERE 1.04+0.09“  3.93+0.25%* 4.840.23% 4.590.13% 6.410.46" 3.50+0.33% 1.56+0.32¢4
GIn#¥ 2 Bt 26.79£2.42%  29.88+2234B 38,9542 5378 42314258 34.31£2.56"P°  28.86+2.13%  27.29+2.41%
PERCH MG FE TG RS MR 24.60+2.6"°  37.79+4.47%  33.88+3.15M° 3547296 38.25+3.43%  37.68+3.37M  42.28+3.02%

TE: USRI T B VRO, K FRER 22 R 22 (P<0.01), /NG FRFRIR 28 57 13 (P<0.05)
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Fig.2 Effects of different protease treatments on the proli-
feration activity of osteoblasts in tuna cooking liquid
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Fig.3 Effect of different enzymatic hydrolysis conditions
on promoting osteocyte proliferation activity and enzymatic
hydrolysis rate
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B>l f Bf ) >pH>HfF LU % o K AE LA AT LA,
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pH X Fiff i ZR 045 W) oy S0k 25 (P<<0.05) , iff L Vi X il
SR, W3R 6. Feflt T.25 K. Wi a)
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Table 5 Ly(3*) Orthogonal test results
of enzymatic hydrolysis rate

KI5 AT B REREE CREILIE DpH  ABAFER(%)

1 1 1 1 1 45.71+1.01
2 1 2 2 2 52.36£0.25
3 1 3 3 3 49.23+1.62
4 2 1 2 3 49.79+0.84
5 2 2 3 1 53.12+1.36
6 2 3 1 2 53.01+1.46
7 3 1 3 2 50.6+1.59
8 3 2 1 3 49.62+0.14
9 3 3 2 1 49.15+1.63
K, 294.59 292.18 296.67  295.94
K, 311.82 310.19 302.59  311.94
K, 298.74 302.78 305.89  297.27
k, 49.90 48.70 4945  49.32
k, 51.97 51.70 5043 5199
ks 49.79 50.46 50.98  49.55
R 2.87 3.00 1.54 2.67
I B>A>D>C
KT A, B, C, D,
F 6 MEHRI I 2ETHTES
Table 6 Results of variance analysis
of enzymatic hydrolysis rate
75 5 A SFI H ¥o7 FfH M
TRt i s 1) 26.96 2 13.48 4.47 *
=3 21505 27.31 2 13.66 4,53 *
it LT 727 2 3.64 1.21
pH 26.28 2 13.14 436 *
RE 27.13 9 3.01
Jevill 114.95

e * 2R 35 (P<0.05), **Fnilk i35 (P<0.01), 8 .

2 7o SEMN A A 0 A5 A WA P i A G S TS
TSN EREHEZE N ASD>C>B, R i i) >
pH>if LUy >R . K (E LR nT LIS, el
7K A B,C,D, o TEIRES TS EGEE PN, BE#
At 16 1 pH Xk 40 I 398 B 7% 14 174 5 i) Sk B i S (P<
0.01), Fif b 33 Xoh 41 0344 5 R (4532 ) Ay 0k 55 (P<<0.05),
A7 Tk P X A ARG B 2R O SE R AN S 3, LR 8.
P25 N Bl E] 3.5 h, BEMEIREE 50 °C, B L%
10000 U/g, pHS8.0. TE LA B B 40 g 19 58 V% 14
ik 136.71%, Bfif5"k 52.36%.

T MR Ly(3) IEAC IR 45 R
Table 7 Ly(3*) Orthogonal test results of cell proliferation rate

S A BRI B BRI C BELLTG DpH  AHMIMESHAR(%)

1 1 1 1 1 135.204+0.88
2 1 2 2 2 136.71+1.42
3 1 3 3 3 127.84+1.63
4 2 1 2 3 122.47+0.76
5 2 2 3 1 123.69+1.10
6 2 3 1 2 124.93+1.00
7 3 1 3 2 127.7241.40
8 3 2 1 3 126.51+0.71
9 3 3 2 1 127.634£0.75
K, 799.49 770.78 773.27 773.03
K, 742.17 773.80 773.62  778.72
K, 763.71 760.79 758.48 753.62
k 133.25 128.46 128.88 128.84
k, 123.70 128.97 128.94 129.79
ks 127.29 126.80 126.41 125.60
R 9.55 2.17 252 4.18

FWIF A>D>C>B

AT A B, C, D,

8 MMM AR JT 22 M A R

Table 8 Results of variance analysis of cell proliferation rate
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