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Wistar KEL, #TVL R shscgm o4, S
Y A KR IIES- £ 2007000539072; Btk 2K 141, 4
Y5 (b A PR A BRA R R AL

DGG-9070A & X T-48 ( 1B AR 15); IKA-RH-
basicl Hi HIH IR B 1 iHEas (P2 IKA); EF20K 2
JETTH (R4 ), T6 8o n] WAy Yot B (b s A
i ); HMB-7018 i Uk # AL (b 52 35 W K J6);
Nicomp380 ZLS iR 4lifx{ckr B 43 #71% (Santa barbara,
California, USA),
1.2 XWHE

RBRITY i A0 R BRI . PR
Wi TG — B b — R 5 i — Tk
Wi T—TIRBK >R HH it 100 H ifi—HH4S
KRR R — R S A

iz B S0 7 B A 05 AL A 0 A LA R
Bk 2 RAL WA e fb f B DO FR B, B S EA T R U
BE . ARSI pH {E . FHE R 4 N ERER I, 4R
1546 30 Y WA 25 o AE IR 2R SR I A 1 ot
Lo(3%) A7 1E 58 S 56 AN 22 43 M i 5 foe A 41 & 4%
(G731 I N/ W = RE ()
AR (%) = (RRHT I — LA S BT at)

x 100/ )5k} J

iz B o B AR By AR B R0 R DL Hphr
BERILE MO R, 7R850 55 3 2 100~2
500 r/min, X3 B ds% i 2 100~ 25 00 r/min,
WHERTA] N 20~160 min, HEF TR M MOk 7 5216
PAFETE R RS

g B & B AB A4S A FLAL IS AR 0 ] ezl
FE R AR5 66 B 15 (GBIT 5009.92-2003);
AN 72 R 4366 3 (GBIT 5009.87-2003); il
FE R E AL 98 66 % (GBIT 5009.11-2003);
B0 E R A B R T IOk (GBIT
5009.12-2003); f#&ill & R A 897 s O
7:(GB/T 5009.15-2003); 7K 43 5 5 FH 1 k-3

(GB/T 5009.3-2003); & 1 /5 Il i SR HTEIL I /Ui
(GB/T 5009.5-2003); Mg i Ml 5 >R FH 2 FC 4 #2 1%
(GBI/T 5009.6-2003).,

FaipyEHmE RSN
I 2 1 S 7 L g R S S USSR S

HBIRATG AT ¥y A5 4R G ] T K 8 4 ok
JE 43 AT ASORT e Rl 0 A5 3 1A R B 0 A1 RS- 2R
Aol

LXVEIDGE S-S K E R NP IRR 1J
Jo, AR BEYL N 9 4, 4 10 1, 43
i )+ LA 3 A0S 791 2 4 (AL, FE At ek + L 45
AL (A2), JEREREHE L 20 min E5MIG
1 (BL), Herfifalkl-+HfE 20 min £5H5 = R 41(B2),
FEh AR+ 100 min E5FMIEEAL(CL), FEhH
FE+HET 100 min 5 & L4 (C2), FEAh AR ik
T 65 A1 7] 5 41 (D), 3 Atk Ak + sk 1R 45 v 9 4
(D2), FERbARILE)L, % | B4 A A oy
B 2 F 5 gl(kg-d), FERRDRHG SRS 1.2
o/kg. 8BS 2 SCHR[B1EF 15 W L3R LA R A5 9 A

SR B R T U

& L K1 SPSS 16.0 Seitikiffuit
(Nl o
2 4ER
2.1 gt BESMR AL EERMRL

BB TR AT T N T R KR, &
TEPUSEI, FESEA TN UG | JRUR IS5 A 5CR
FRRT R Aty - e R T 2 1 il g S 5 T 5
X7 BRI EE (30, 40, 50, 60. 70 °C). Mgt
(1. 2. 3. 4, 5h), pH(®8.5. 9.5, 105, 11.5,
12.5) FIFfE (600, 800, 1000, 1200, 1400 U/g),
75 581 e i 1 P B0 B 11 K A B TR R SR B A 2R,
RUAEXTH A S5 A B AR B 50 °C . BERAFR] 2 h,
pH 10.5. fifif&t 1200 U/g.

F1 Ly BHEXRKWERKTF
Tab. 1 Factors and levels of Ly (34) orthogonal experiment

% factor

7K level A B ¢ D
T i 115 85/ °C. it A ) 1] h pH FEERS (Ulg)
temperature time pH enzyme dosage
1 45 15 10 1100
2 50 2 10.5 1200
3 55 25 11 1300
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Tab. 2 Result of Lg (3%) orthogonal experiment and range analysis

% factor

P nas) AL B BR 1%
treatment no. A B C D the removal rate
1 1 1 1 1 25.0
2 1 2 2 2 29.7
3 1 3 3 3 32.3
4 2 1 2 3 29.4
5 2 2 3 1 30.0
6 2 3 1 2 33.2
7 3 1 3 2 29.3
8 3 2 1 3 31.2
9 3 3 2 1 27.2
Ky 29.000 27.900 29.800 27.400
Ko 30.867 30.300 28.767 30.733
Ks; 29.233 30.900 30.533 30.967
Rit 1.867 3.000 1.766 3.567
HRAE 1R B R R IO S5 AT Lo(3%) IE A 55 100
Wt 1), B s R A R R AT IR E 80
SETAER A 2, thF 2 W1, AR LAY 5%
FAFR R EUINUE . B> WA I (] > A ?; 540
TEE>pH . AR R AL AR AByCaDs, BRIV I 52{1
FE 50 C, MfgatE Sy 2.5 h, pH oy 11, FfE A 0

1300 Ulg. XJfefdab & riikides, #5 3
US4 R i — 2, IR 2y 33.8%.
b G TS fa g R
2.2 iR B ERMESENRK

FRE AR RRAIL S IS ) XoF e 20 AL R A 25 F 22
(1R S o AN [) R AROH A HsF [ Ah FER A 1 8 B0 A
I URLRI AR 43 M DL 1~ 3. i AL R ki 42

TR/ %
& 8 8 8

cumulative volume

(]
=
T
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¥i4% /nm particle diameter
1 B EE 20 min ERIEEH AR E BhZk &
Fig. 1 The particle size distribution of ultra-micro
calcium powder crushed 20 min later
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Fig. 2 The particle size distribution of ultra-micro
calcium powder crushed 100 min later

5000

40001

=

F-EpkifE /nm
average particle size
=3
=

1000}

40 60 80 100 120 140 160 180
HPERT A /min - time

0 1
0 20
B3 AEFEEE TR 58 FIRE T sk
Fig. 3 The average particle size of ultra-micro calcium

powder variation with different time
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K, TCUERRI R, RIE A2 20 min AL #E
(AR R 5 1 X BEAE A o A& 1~ 3 IR, 5K 1Y
S-S5 R AR I A SRR O R B T A i £ S R R SR
TIOR3, 45852 100 min BMOMIRG, SE4RifR
20 min BTG Y 4497.4 nm 31K N 626.9 nm,
I H A K53 M FRPRLE S A1 455 20 min {4 BR A B
KA1 4E, 7E 100 min 2 )5, Bl KRR ] 0 4T
K, SFHPRAR T IR B R . RO AR )06 25 2R
FB, 5K R TR O B Y B AR R] R 100 min,

S5 TF A5 0 R S R S R AR Ol 626.9 nm,
ORI SIAIR . TORS IS, TCR R AN BLIR, )
TR
2.3 agE EBMEHHNELERS

T 100 g F B Ak T 20 48 1 e duge -1 8 FA 5
B, E AL ISR (R 3), RS S
ik 29.5%, A8 AU 0.58%, HI K AKFEARESH;
T e Aot i e AL M A A R 0 A S A A g RS . T
& JE AR A E AR, R RS H

®3EORE FEBHISHHIELIERR(n=3)

Tab. 3 The physicochemical characters of ultra-micro calcium powder from goosefish bone %
Ef=tan 15 B fif i b K4y e i}
index calcium phosphorus arsenic lead cadmium moisture protein fat
A~ B
codntfﬁt 29.5+0.71 13.8+0.46 <0.0001 <0.0001 <0.0001 3.2+0.22 4.2+0.17 0.58+0.03

2.4 rhgEf S EMSEHNEDT RRR

YA RIS 20 45 RNk 4~% 5 R,
FH 2 4 W] N b GRDRL 2 A5 IR R R U (E, IR R
VRPN 52 BUES 1 ST A, HLIA™ BB . A& 2K
B S At TR ZEU R B, BTV T ARk R A o g
WA KT 58%, HHA #1257 (P < 0.05).
FELES Ry 2 W SRR, A SRR S 4 o R WO 5
93 0 WS 23R B o R R A 2 LA e (D 3 25 5
(P <0.01), H:r 100 min 355 A 8 SIS 493 14 W
O] IR F] 79.3%~83.5% . T ff i B H5 4 21 A A 1)
PeR, e R 20 R ISOR S i TR 4 D B4

TRRHH,100 min AR I g £ B RR SRS A 1) I
WO R R, A — R ILT A #b 7 55 1 5]

M 5 A I, BREBES A, JEalim e
KERPBEK ., TH, KE., BEEEAgdrin
YIS/ K2, 100 min ByRE S AR S
3 2H X BB T 2 B A 5 TR A LA & 20 min
R R RIS Ry 8 IR S A R R | K
1 5 AR 2 22 8] O 2 25 M 25 (P > 0.05), T
A5 o) 1) e 1) e 2 B A i T L AR H AR
22 5 (P < 0.05); B 4L AR A5 T AE
TEE RS R B AR RS A,

* 4 FEESHIFNKRISRSEF

Tab. 4 Effect of calcium sources on calcium metabolism of rats

25 BEAF5 7/ (mg/d) Z45 4/ (mg/d) BRI %

group calcium content feces calcium content calcium absorption
Al 53.12.88 22.2+1.76 58.2+3.48°
A2 110.945.12 41.743.22 62.4+4.67 %
B1 127.1+4.89 38.9+2.13 69.4+3.29
B2 207.9£8.91 47.4%3.65 77.25.12™
C1 208.7£10.5 43.2+3.18 79.3+3.20™
c2 218.4+7.30 27.3+1.34 83.5+3.75%
D1 148.4+6.83 54.33.42 63.4+3.18"
D2 227.1+16.3 73.86.81 67.55.14°
E 6.0£0.41 6.4£0.52 -7.0£0.47

FE: n=10, FIEbRERE . SIERNARIZL AL . *P<0.05, "P<0.01; SfRkERAS4I LA : °P<0.05, °P<0.01,
Notes: n=10, mean+SD, *P < 0. 05 and °P < 0.01 as compared to the basic diet group ; P°< 0.05 and “P < 0.01 as compared to the calcium

carbonate group.

http: //www.scxuebao.cn



12 #A AT, S TR 5t et ER A o A B 5 1921
%5 FREEHIFIX KRS
Tab.5 Effect of calcium sources on thigh bone of rats
LM left thighbone
25 B ) HWE (9/kg) A
group KJElem T /(g/kg) JKTE/(g/kg) H45/(mglkg) bone BT AT J1/kg
length dry weight ash weight bone calcium fracture load
phosphorus-

Al 3.46+0.08 1.75+0.03 1.06+0.03 490+412 122+10 13.2+¢1.1°
A2 3.50+0.03? 1.84+0.07% 1.10+0.08° 517+38° 12345 13.8+1.4°
B1 3.47+0.09 1.79+0.06° 1.12+0.05° 512427 122+6 13.1+0.8°
B2 3.52+0.06" 1.90+0.09" 1.17+0.06™ 543+35" 126+8 14.3+1.3°
c1 3.49+0.07 1.82+0.10™ 1.19+0.03¢ 550+43" 129+10 14.0+0.7
c2 3.55+0.10™ 1.94+0.08" 1.25+0.08% 578+52" 135+15 14.8+1.4%
D1 3.48+0.06 1.78+0.06° 1.07+0.07% 503+36° 125+12 13.0+0.9°
D2 3.51+0.05° 1.85+0.08° 1.13+0.03° 535+41° 12749 13.9+1.2°
E 3.40+0.04 1.64+0.05 0.95+0.05 416+31 12147 9.6+0.9

H: n=10, PEMHbRERE . SIERMARILIEES . *P<0.05, "P<0.01; SERIRISALILES: “P<0.05, “P<0.01
Notes: n=10, mean=SD. *P < 0. 05 and "P < 0.01 as compared to the basic diet group ; °P< 0.05 and °P < 0.01 as compared to the calcium

carbonate group.
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Studies on the processing of ultramicro calcium powder from
goosefish (Lophius litulon) bones by enzymatic hydrolysis

YU Hia-xia', YU Juan?, HUANG He-yong?, YANG Shui-bing®,
YANG Zhi-jian, HU Ya-gin**", HU Qing-lan*®, REN Xi-ying"?
(1. Ocean Research Center of Zhoushan, Zhejiang University, Zhoushan 316021, China;

2. CNFC Zhoushan Marine Fisheries Corporation, Zhoushan 316021, China
3. School of Biosystems Engineering and Food Science, Zhejiang University, Hangzhou 310058, China)

Abstract: Calcium plays an important role in human health. Lack of calcium intake causes many kinds of
diseases, especially osteoporosis. Animal bone provides an important way of obtaining calcium. Fishbone
is a kind of natural calcium resource, and it has the merits of high absorbability and low side effects on
human. Till now, most of researches on utilization of fishbone have focused on the preparation of
calcium tablet from seawater fish, such as haddock, using acid or alkali method. Ultrafine comminution
technology is widely used in food processing to make ultrafine powder, and is given more attention
nowadays. The ultrafine powder has many particular characteristics, such as increasing the utilization rate
of materials, improving performances and the quality of products. Absorption of ultra-micro calcium
powder with rich nutrition improved with smaller average particle size. Increasing processing of goosefish
(Lophius litulon) is associated with a large amount of waste fish bone and fish head, which will cause
environment pollution and resource waste as well. How to utilize this kind of calcium source efficiently is
now one of the focuses in the field of fish processing. Nevertheless, no research on goosefish bone using
ultrafine comminution technology has been found yet. In this study, ultramicro calcium powders were
prepared from goosefish bone by enzymatic hydrolysis followed by ultrafine comminution technique, and
the bioavailability of the obtained bone powder was investigated as well. The results showed that the
removal rate achieved 33.8% under the optimum purification conditions of goosefish bone hydrolized by
1300 U/g alkaline protease at temperature of 50°C, for 2.5 h. Particle size distribution of calcium powders
by superfine comminution for 100min was narrow, and the average particle size reached the minimum of
626.9 nm. The results of animal experiments showed that the bioavailability of ultramicro calcium powders
of goosefish bone was much higher, and ultramicro calcium powders by superfine comminution for
100min exhibited calcium absorption rates of 79.3%-83.5%, which is obviously higher than that of the
calcium carbonate control group. Goosefish ultramicro calcium powder prepared under the optimum
conditions had pure white color, good appearance quality, and no peculiar smell with calcium content of
29.5%. It was considered as a kind of safe calcium supplementation of high quality and bioavailability.

Key words: Lophius litulon; bone; ultra-micro calcium powder; enzymatic hydrolysis; bioavailability
Corresponding author: HU Ya-qin.E-mail: yghu@zju.edu.cn
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