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1 MR5Tk

1.1 EHFH

AJMNEHEHM(E.C.3.4.22.21), MGV N
2000000 TU- g~ '; R Bk B8 , B8 3% 77 400 000 IU -
mL™ ', ESE, R B TEREY RS ERA
R, HMBE S SN REEKESKGRN pH
6.5,45 C,E/HLH3:1, EEMRERMH 9
.20 min,
1.2 ##

ek AT 10~30 g, KE2~7 cm,
BRI L ,2005 59 A2 12 AW T LT
. BEHERTHRESAFEGS, — B EIR
BRRR R B (PM, JB G & & 42.8 g-kg™') , Y
RECHT -18 CHRA; A —Ho&%d 1 g-kg™!
NaHCO;,.1 g-kg™' NaCl F1Z& /K Biis  # B A5y
KGR T - 18 T EAN B IE R (DM, BN & &
6.2 g-kg )R H . FHATEE KA, B FE I
IR TF -4 C KA.
1.3 E/KkEHENHE

JERH 2 AR KRR KIRES ,BREYH pH
“h6.5, BAKBEHNESBRESWE L
BEASWHEN1:1, KEZR)E, BIEEBRNE
EFAET 90 C HMARF 20 min KB, BHEE
18,8 100 HEBASIEEEATERKBLES,
BB 4390 x g RAT H L 15 min F K KHF
A5 RIERABE S TFEN 6 ku BB EH
TREERSE , WERBBRFLRT 4 CEESA,
1.4 EAYNSEE

FEAR W BE A R B 1R BE A ] B B R) 45 1
T, MBEETFELEMA 1 mol-L~! CaCl, #1738
B, BT RE HEE 4390 x g &L 15 min
RAGKABEL S (CA) 5 143 B )5 AR in A B
KZEERCEEERD 0%  EZRTHE 15
min, BIRELEF 50% TKZBAREBE®HS
(CB); S M BAEFMAT KB EZBERE R
F80%n, EZERTHE 15 mn, FRE LB
80%TL/K L BEAB AL (CC), £ 50 C.0.1
Mpa FEATH3h EREBZEERET TH
#mhEH.
1.5 A&

EEa R AKRMBE(DH) &5 @l DH =
(h/h) x100% = [(B - C)/(A-C)] x 100% , >

XA, h REEBAKKERE ) REHEORS
WHEHKERE ARKBYFEREEAKE
(g-kg 'EHE) B RAKBYHHREEANE,
CRERMFEEEAKE. B CHWRKEME
] A s O

#H 4% (CR) &M & CR=[(A-B)/A] x
100% , A% A (g-kg  DAERTHBEHESE,
B(g-kg VAR THEENEE,

Fomaygsstk#(IR)SH  MEER
(COOREAM/KMBEA TR EBMAH TR
KR, MBS HS CA.CB.CC & 2 mg 5 200
mg KBriB &, O/ TER 2.5 ym WHEH,
TE60 Mpa WE I THIRBHK KBr B, &
500 ~ 4 000 cm ™' &M T H IR - 435 405N 635 4]
ERE R,

REMAFESH  FARAEKZ(TBA) %
WA PR TE Y. TR A B AL 3 4% IE
Osawa 1718 7 ¥k SF G BB, B 0.2 mL .9
BRAE T 30 mL BB H, A 10 mL 99.5% K
FEXE A 10 mL.50 mmol.pH 7.0 BB R 2 ik -
43 HIB 5 mg BIARE S0 AR S 5 B 28 1 AR i B
B R 25 mL,40 CRAETRBEFIEFR 7 4
TBA 43#7 #% H Ohkawa 25081ty 7 ¥k #47, & 0.8
mL 7K.0.2 mL 81 g-L~! SDS #1 1.5 mL 200 g-
LB ¥ W A 10 mol-L~' NaOH 1 1.5 mL
0.8% K TBA % pH 2 3.5, 50 L EE ALK
EHMBRMAZ LR BEBEPIHES T KETHR
B 1h,AREFEE 100 T #FF 1 h,7E 535 nm H
ERNHE, 5 4L F WA E N HE R
(ROIR)#% T XI5

ROIR= [(A-B)/(A-C)] x100% , A F
AN 50 L #10.2 mL Wil BRIB-& W MR OLE,B
2 5 mg HEARES 5 0.2 mL TF 3 BRIB & W B I
E,CHS50 pL oA FHE 0.2 mL EHBRIE S
I

REFHRSN  BEEMRASERXE
FPAREHAT R, ¥ 10 mL 20 g-kg~ EILEY
TIRMALE LR T, 5B TE 2R EE )G &
TCHE ) 4 FE AR HRITUT I A BRI AR 7, 2 15 mL
KEREAHE 50 CH5E 1 mL & 10% ind-
mL 'R EBBRIBEAEEMARERF, B
100 ~ 200 pL BRI A B A 0 P B i 1B FL -, 3%
EFE3T C HZHETHFISh, WHEBEBRRKNE
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AU
2 GRS

2.1 REBED &R KRR

XFEM S, HKBMKREE T RERE
PR W7 R B8R B B (1 ~ 10 h) FIALE R 4
FR S U0 9 55 — B B (10 ~ 20 h) , X AP AR AL L
#BEY T A2 Rt e e m G
BB K B R AR, S BFE KR B 2 h JG
RkEL RS HOKBERERT DM(E 1), Xt
T DM i & , 3 DH 57K i i [H] B9 5 2% i 4R 2 3
HEB R RMRR, PMEREKERTFENE
EFERTEEFNBAEAEBERET DM KA HE
HEEMAEE.

25 BFM
0 DM

201

—
(%))
Ll

KR IL/%
DH

w
o

1 3 5 7 9 11 13 1517 19 21

TKAFI TR/
hydrolysis time
B 1 AR ERE R B RKAR S KR A B R AR
Fig.1 Relationship between increased hydrolysis time and
DH for different raw materials
KIRIRE 45 C B pH 6.5 BK (W V)I12. RRE BB
WE 1 gL XBREEVEE 1 mL-L~' DH 5 KR E (X)X F
B E R %: M =DM, DH = 0.8157(X) + 1. 0864 (R® =
0.9933)f (O = FM, DH=5.3884In( X) +2.6362 (R*=0.9923)
The hydrolysis temperature 45 °C, starting pH 6.5, material/water
ratios (w/v) 1/2, original papain 1 g*L~'and flavorase concentrate
1 mL-L"! respectively. DH as a function of hydrolysis time ( X)
for the different curves are: (ll = DM)DH=0.8157(X) + 1.0864
(R*=0.9933) and (O =FM) DH=5.3884In(X) +2.6362 (R’
=0.9923)

22 EAQAFUNEE

#4P% %6 DH 89 % & weE 2 iR,
Tt & FM & 2 DM e B K N 5% Bt B
RBEBRESR, ZRRABSFFTENELR
IKARBER 5% , Wi W 2B B BK R e B 1R it
B RIEL AL E

ElFM
ODM

70 t TT
il
65| g
60 ————— 15 50
HAFKEE /% DH

B2 JHRKEENSEGHEN
Fig.2 Relationship between different DH and
CR for different raw materials
BERMEAM BE 20 €,15 min,pH 7
The chelating reaction was carried at 20 C for 15 min under pH 7

# 4 pH & # T W 3 s, Tie 2 FM
2 DM HE 4 R¥E pH 4.0 ~ 7.0 BT B N ERHE
% pH T & W R #E N, Y pH &t 7.0 B, &
ARAEBEK, EpHA4.0~T. 0 WEEHNBE SR
MBEENMFEFEERAIKBEDH - NH, 1 -
COOHWJFEPrfE T 5 B3 3%,H Y pH AL 7.0
Bf,Ca* BAG SR MAR T K OH - 4 &1 ¥
A Ca(OH),, iR T Ca** 5 - NH, Ml - COOH 4
ERBRERY. B, BEARMERK pH b

#EHNT7.0,
90 r
—l— FM
—&—DM
80
X
¥ o
4'\]:[0 70t
#
60T
q
504 5 6 7 8

pH

B3 SmEARSpHHXR
Fig.3 Relationship between different pH and
CR for different raw materials
AR B A& B E 20 C, I H 15 min,DH 5%
The chelating reaction was carried at 20 °C for 15 min under DH 5%



474 K= % R 2%

¥LomESESwANAE  WE4FS
B, FERE RN 10 ~50 C. B EHREN 15 ~ 90
min EEWN, BERXREHABHER, XAES
BRESZGHEXNZESYRRAEABKHEN, B
W, AMREFEZESRERN 20 C.ESHENA 15

min,

90 r
- FM
! = DM
@)
°\\° B —m—— g
o 80 F
4o
o7t
L 1 L 1 1 1
70 0 10 20 30 40 50 60

#RE/C temperature

B4 BESEEXNEGRNEN
Fig.4 Relationship between different temperature and
CR for different raw materials
A LR A A EHIE] 15 min, B A pH 7.0, B A FAMBE 5%
The chelating reaction was carried for 15 min under pH 7.0 and DH 5%

100 . IR of CS
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60 |
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&% /% transmittance

0
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100 r

IR of CB
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0 L 1 L L
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1000 500
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/Al /min time

s EaExEe R
Fig.5 Relationship between different time and
CR for different raw materials
RERMA&AHEE20 C,EEpHT.0, BERKFE 5%
The chelating reaction was carried at 20 C under pH 7.0 and DH 5%

2.3 BERYNEHAIN

B 6 Bk X =FEGHTWOILE,
S5KkEWHH, 4454 CAFE 3130 ~3 030 cm B
NH** 0345 ,fH7E 1 100 cm™ "4 3 T PINH, &

100 r IR of CA
80 |
60 |
40 |

20

1000 500

0
3500 3000 2500 2000 1500
W /cm! wave number

100 . IR of CC

80

60 |

40

20

&% /% transmittance

0 ) A ) ) . )
3500 3000 2500 2000 1500 1000 500

W /cm! wave number

Be6 KRFME=FMESHDIWLIEE
Fig.6 Infra-red spectrum of CS, CA, CB and CC from FM
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Wi, JEEA7E CA A4 Ca SRERIMSE &
—3 ;[ ,7E 1 650 cm ! (yascoo™ )1 1 400 cm ™!
(yscoo ™ )AL 2 AR I 5 R I e 0, R B 22
Ay (yascoo™ — yscoo” ) A 250 cm~ !, PEBHFE CA
5 Ca Tl RES B E B A M B S —
', SAKEYMLIL, H CB Al CC 73 130 ~
3 030 cm ™ 'Ab R NH** R i 0B T 2%, T BLZE 1
100 cm ™' 4k (¥ PiNH, MR Wi 4R 55 , BB 7E CB A1
CCHNF Ca LFRAERESE G AWM, &1
650 cm ™! (yascoo™ ) 1 1 400 em ™' (yscoo™ ) &b
A 2B B AR EE R W g, T EL B B E o 250
em™ ! YLHATE CB fl CC i Ca SHKEHE L
WS &7, Hik,CA.CB #l CC K%
HEMT ARIXIE 7 B

R—CH——C—0 R—CH——C—=0

NH O NH, (0]
\/ “,
Ca ”'._
/ Ca
\\\"'I
0O NH NH, O

O—=C—CH—R R—CH——C=—=0
CA CB&CC

EH7 ZMESHAMNISEHRE
Fig.7 Structure of chelate of CA, CB and CC

24 E6YMmELEE

TETHREA B B, B B B 3 K AR W R K
BYRE SR LEERE S BGE SN GRSR
HMEREMEAMER. AXERARKMEAE
B RS K Y RS Y Pl S E

RIMNART =B SHASTWPEATEHE, I
HKBYA - EFHRHASTT XL, FREIHS
CARAREHNIELENE, BEEARBERTHK
B EATEER 1.4 65,2 - EFHH 94% (A
8)o

Uchida %121 % 38 & H BRI KB A H
SALTE M, Fh48 B X R IR B T A & BRI BRIk 31 B
AEGROMBERERERENEIMRARS
IPLEALTE Y, A FBR 51 E I 4T 5 7K 1 5
InAR 7T B4R T IR0 B8 B B8 4 F A i AE ELAE AR,
44 CAFI CB RAR B M I E R EAN]

MaTEHTRTEETHEAR, & GIHNE R
] B3GR T A S BR A DR SRR R AR R B i R
J1,B 3t CA #0 CB A Ll i fE g Ak 4 R AR o1 A AL
#o 5 CAFICB AL, CC RABBHIFEAM, B
AR THMF T REERSNRKEEER,
WRAER LFER HEAR . FEARHERNLZ
BT UH > B ARRD, E Ik, 44 CC T

FE KRR EAA
100 —
o9t ]
S sof [ ] _
£ 0F —
@_ 60
= Sof
g 40 +
30F
% 2o
= 10}
¢S CA CB cC v

£ sample

Hs EaHAomiEAEE
Fig.8 Antioxidative activity of chelates

25 ESASHREREY

® 1 RESHLFKBEY A S PUETE EN €
GiRo. Ao CAFI CS — WA XA B KGFF
B ( Esoherichia coli ). & B 8 #H & R H
(Staphylococcus aureus ) ¥ {1 & B ( Salmonella
typhi) F1 4G B 2F W8 4T B8 ( Bacillus subtilis ) B 5 ¥,
CB R H M P& | A8 HIRE M E
FRFEBEMN ;M CCRARBNILRBIHE.
CHOHARFAMEFRTHENE S, CAH
CBHEAEHARN ERFEETREFANENN
IKIEEBE ST, CS #1 CC #A RIF MK EH,
A AEMNZANFEEHN BRI EEEER?
FEREP R I 5 BB R AP 1 B
RT43F o el B F R PO A TR O A R
RETFHFARGENETFEWME SN, 5 CSHK,
CCaTHM TR b T2 & ERMmEZEH
mT L EGEREMT B FRAE( Ca.C=0/
CHIC- O O)METFHE(INC=0m OMC-
O B O)WEE (K 7),F w2 & fEREREFHR
EHRUTERREER , XANKETESH
BRI T2 A B TR T A, XSRS R
BLAZ S H MBS EREMRT 0 TR E 7
HABTFHFRRENRBTRPESL. Bk, CCH
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BREKBERRUANUER KRBT E. &8
6.5 2 PR A A B2 AT I AR R A

®1 ESASRABAE. . CHAATRE.
DITREMS EF AR EE
Tab.1 The antibacterial diameter against E. coli,
S. aureus, S. typhi and B. subtilis
by hydrolysate chelating Ca**

& KBFE SHAHARE WIIRE HEFRFE

sample E. coli S. aureus S. wphi B. subtilis
Cs 8 8 8 8
CA 8 8 9 8
CB 8 9 8 9
CcC 13 16 9 16

E XA CS, RAGBANEFREMNERETE 4,48
WEEN 8 mm, HARMEKEN 10°4 -mL~", # & &K 100 ~ 200
pL, 53R 37 C I FRAEY 15 h

Notes: The control used was CS. The activity was determined by
the Oxford cup double layer plating method. The diameter of the Oxford
cup was 8 mm. The bacterial amount in the indicator bacterial solution
was 10° mL~! and the sample amount used for the assay was 100 ~ 200
pL, and cultured at 37 C for 15 h

3 i

REAEORE SEKMEMLKTRIXANDH=
5.3884In( X) +2.6362( R*> = 0.9923, K i fg ) #1
DH=0.8157(X) +1.0864 ( R = 0.9933, fi ) o
BEEHKBYNESBRER &5 DH 5% |
pH 7.0 1R 20 C FIE -G} IE] 15 min, R FHIK
SR BEETIIRTE CALCB il CC =M E 4
45 B LA AMEIE AT R CA H 431 Ca BE
WEREMRELGSE—RAE— Cad R 2
MHITHFHERN G 453 CB 1 CC ML 5 HiE
BREG,

EMESHTBA RN EMAESE, Ta
HAERAF KR EKES AT, CARF
BERPLEAENE, AR - EFTHN 9%, TE
=MERHAST,RA CCARAEBEBRH KRBT
W& W O A R AT RS,
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Preparation and bioactivity of Ca’>* chelate of
hydrolysate by enzymolysis from the waste fish proteins

XIA Song-yang, XIE Chao, HUO Jian-cong, DENG Shang-gui
( College of Food and Pharmacology , Zhejiang Ocean University , Zhoushan 316000, China)

Abstract: This paper focuses on the preparation and bioactivity of Ca>* chelate of hydrolysate from the waste fish
proteins through compound enzymolysis. The optimum formation conditions of the hydrolysate chelating Ca®* are
5% of DH, 7.0 of pH, 20 C of temperature and 15 min of chelating time for FM ( material not being defatted) .
Three types of hydrolysate chelating Ca®* including CA (deposit after chelating), CB (deposit in 50% of
absolute alcohol solution) and CC (deposit in 80% of absolute alcohol solution) were obtained through fractional
precipitation with absolute alcohol from FM. Structure analysis through IR revealed that Ca®* had been combined
strongly with amino-group and carboxyl-group in each of chelates and each of Ca>* could form 2 five-membered
ring structures in CA, however, Ca’* had been only combined strongly with carboxyl-group in CB and CC.
Among all of the chelates, the CA possesses the most effective antioxidative activity and the activity is 94% as
high as that of a-tocopherol, and only CC possesses the most effective antibacterial activity against E. coli, S.
aureus and B. subtilis and the activity depends on the size of the dissolvability in aqueous system and the strength
of the electron buffering capability of the electron relaying system for CC. These researches provide a more
effective way for the utilization of waste fish proteins and the essential information for the enzymatically
hydrolyzed waste fish protein chelating Ca®* as additive in food industry .

Key words: waste fish; enzyme; chelate; antioxidative; antibacterial



