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1.2 ITERE

JRB—NaOH AbHl— 28K IE vE— S BEAL 3L
— B EEE T ot 180 Biff ALk —
FER— B
1.3 SFBEFHELEEGHHE

RHAIAIE NaOH 1 Z, Bk & LA K 32 30 B [
HITERELE, UERET 244, ZEIHS

TIBRAY ER B RRREE , RAMBUERE , BEEF5HIL
HEN0.6,884 0.4, i RMEREAL IR E
HEWR21 T,
1.4 SE&EHRHE. BTN EREARME
magraE"

| HARAMAB 2 AR A B RER MR K
B s HERARTRBGEENE .

£1 L(3)EXXRERKTE
Tab.1 Factors and levels of L, (3*) orthogonal experiment

£ factor

A B C D

K level NaOH ¥ NaOH %3 | Z BRI Z BB ]
(mol/L) (h) (%) (h)

concentration immersion time ethanol concentration ethanol immersion time
1 0.25 10 20 10
2 0.5 20 40 15
1 30 60 20
1.5 E&FHEHE AH i B 1)
EEEEHEER AR ENRE o stm

55 1 S8 0 1 A R SR A 78X-2 B 5 U A
B4
1.6 ZHHPLLe

SEER KB 50 H, R E7E 180 ~200 g, Z A1
BHEN RS 1 R KRR R 5 4, 45
ST ERMRES B (B H 20% , EKTEH 65% ,
TR 8% , HER1% , EARER 1%, EET
PlEE 5% ) ;A 4 ERRBHE A B 2 o/ (ke-
d) ;B 4. ZA R + FAEFHR 5 ¢/ (kg-d);C
2 FERBRDRE + BRERES 2 g/ (kg-d) ;D 4 . FEAbAE
B+ BRIRSS 5 o/ (kg-d) ™, EERBARRLAE A B 5C
W41 159 mg/kg, FHKBERERGFTHEE,
BHER, SRAMRKE L K, SHCRIRE. F
4 RIEBAREE, #TERE LR,

BRI = (BALS - 245) /8BS

B R = (B - 2845 - R/ BALS

FREFRR 6 BN IRIES #ikRm™ 12
AT R IS AL B, B L0 A B, B4 -l
BEREERRR) CERAR N (B ERITRENE
0 FE (140 CTHT 8 h) KIK5r. RFRIKIE
Rl &4 K BBRESBH NS &, IBIEEmA
AR, T LR R I A B RENE
1.7 HUEAE

KA SPSS 11. 5 Gt fT 4R
B,

2,1 E&EFLEEGHRE

BRI % L8 HIN R B RERERE E R
PEBRES 15 145 B A5 1l 77 LA K o AL B BR 45
TR A BRI . KRR B FERES
AR SR A, 8 M ik TR 45 R 2 B TR 45 il 541
BAR AR R B BAR, g B 5. &
PSS AT Z A . AT LIE AT N
Jh, R ARERA L A E

% NaOH., Z, B vk & LA K 8 ¥ Bsf JB) 2647 IE 38
S, LA R ILEK 2, 3K 2 WLIA H NaOH
BRI R B X 55 A B ) 2 B K, S0 B /N Y
B PRRRT ], BB EEMTERE AT R
LB T &M% A3B3C3D2, H FIERERYF
WA R A4, B G # B A3B3C3D2 {536 UE 32
B, BRI SEEE0N 21.56, /B T 5% LR
KN T SRS, HIb, EEAE
BN T ¥ 445 A3B3C3D2, B 5 1 mol/
L NaOH, ¥k 58 e A4 ] 30 h, ZBEYR I 60% , 5
W] 15 h,

SVNE T IFRSE T RENLE T 244
BEEN, HERNE 3, AR3 TUEHEA
BESRAT 27.8% , a2 N 12.2% , FAR
FEHN3.67% B E BN 0.44% ., ZHHE
SR B AEE R, M R,
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£2 L) EXXRERSHENH
Tab.2 Result of L, (3*) orthogonal experiment and range analysis

s £ factor EER(%) BEER(%) SZETH
treatment calcium phosphorus composite
no. A B C D content content score
1 1 1 1 1 18.6 9.2 14.84
2 1 2 2 2 20.2 12.0 16.92
3 1 3 3 3 22.3 13.0 18.58
4 2 1 2 3 19.2 10.5 15.72
5 2 2 3 1 23.6 9.8 18.08
6 2 3 1 2 22.6 9.1 17.2
7 3 1 3 2 23.7 13.4 19.58
8 3 2 1 3 20.5 12.8 17. 42
9 3 3 2 1 22.9 11.4 18.3
Ky 50. 34 50.14 49. 46 51.22
B E5 Ky 51 52.42 50.94 53.7
range analysis Ky 55.3 54.08 56.24 51.72
R (k) 4.96 3.94 6.78 2.48
BERER
importance of C A B D
factors
%3 BESHERRHSE
Tab.3 Content of nutrition and material elements in haddock calcium powder
J4 component
5 B =1 B bi & HRABY FoAUE L
calcium phosphorus protein fat water insoluble material in HC1 As Pb
HR(%) 27.8 12.2 3.67 0.44 3.8 <0.06 <0.0001 <0.000 1

content

2.2 BEFBHREAFHHE

B TS A E A SRR, N e Rl 1E
WA PR EMARIEA , AR A 5 IR &R
FEHNSF o ABIIT L R LIR LR el K30 S Kk
B, BRI, B R L SR MBS e B K30
BT i AT (B 1) o R T B 0
B AR B 2R E R AN

5.0
e 4D
<E 4.0
3.0
2.5 - - ;
1 2 3 4
T ZJGENErs LM T /%

polyvinylpyrrolidone K30
concentration in ethanol

E1 RZHEUEETE K30 ZE AR EX FH
B E AR
Fig.1 Effect of PVP-K30-ethonal solution
on tablet rigidity

FRIBRE R = i R BB, BRI
EERABRPHR B RERR . RIIHIIELE
Al K30 ¥ B s AR v ok 790 B 888 8 3 A B o
HE 1 TR , SR LM ILAS S K30 2By
WL N 4% I, I BE B B e, iR 3 4. 79 ke, 5E
S LR ERE R R, HI, 1 4% 158
B IR LIS BE BRI R

BEEnSAFRE LERRAER ST
(SRR Pikn) BIRAE, LA 4% RS
PELERE B WO RS AR, B B IR IR B R
ERVLER. m& 4 TURH , MRAGERHE
AR, 7= B S R . I TEN S 2R YA Y
BLH g 301 B, P B AT LA R 5.4 kg B S
SRR, 7 a0 B O R BEE 2 AE 954 F B R 38 i i
T, JEFEH ST EIEC I 1:2 B, P s O
B, MESERE WA R G, 8K d
w8 4.4 kg, B, WERETERI AR B
Aoty 1:2,



33 BEE,F SH RS SR EEYHA 385

R4 MFEAFLAETHIE L3I 7= REIRI0
Tab.4 Effect of ratio between excipient and
milk powder on product

liis-—{:1 ERE (ke) w3
mass ratio rigidity taste characteristics
1:1 4.6 BEEBIRRN, Pk EiR
2:1 5.1 HER,APE
1:2 4.4 Bk, BEE
3:1 5.4 HEEBRRL , TFIIR
1:3 3.6 Pk YRER , EEH RN

T B EE R :80% ; HEFNE:0.01%,
Notes ; Haddock bone powder:80% ; strawberry essence;0.01%.

M= i R E AL P8 10 0 25 HE 4T A e b ]
O SE , A AN IRD L BB 0 11 ~ 12 min , J et TR] 65
tRo BRTZE A il R R Pl R R P SN A
#RBRERRRSERE . APTURAR
R AR, RS LB, BB R
F L G B 3R R e R A R 4R A . B
TSI R IR, A AA AR, 485855 1 ) R
i 3R/ T 12 min, BB, 7245 5 AR R S

RINABER
2.3 EHEBEHNEYHBHE
EEFHBAENRABRMOYE  AHELS
IR KBS E WM LE 6, HFE6 TTLE
o RAR R EAHM LS BEE R, SRIKE
MESiE B R i EH, KEREBERITIE 1T
SRS, R KERPN 2B 54, L™
Hikd5, HESHNSRBCEFME BRI,
R g 45 i 4w TBR A, W ZE P R4S IR+
EAEHAXETENESH, FHEGEEHENEY
FARETFRRYE, X FHETERGE, RIKEH
BRARIEYEUN MR IE, RKERKREXRE
B, SHRIERRE V, FBEEMED ., =
Vp &3 LA T 5% i B R 3B A B ISR IR
HIEOL, T L ARZE AR BE M V, LMRIE
SRR, E TR YR IR A5 I i R R — R AR
60% ~ 0% "7V, T 48 45 B 45 kR 1k B
78%

R5 EFEFRAEXE#ZMENRR
Tab.5 Effect of disintegrating agent dosage on disintegrating time

FAfRFIFE (% ) disintegrating agent content
5 10 15 20

HAfE T E (min)

disintegrating time 11.5 10.5 9 7.5

®6 FREHSHFNARSK PR

Tab.6 Effect of different doses and different sources calcium on calcium metabolism of rats

H5 345 (mg/d) RE5(mg/d) FRAE(%) HIEEE(%)
group feces calcium content urine calcium content calcium absorption rate calcium retention rate
T B4 control 6.4 0.04 -10.3 - 11.03
A 23.4 2.23 73.3 75.3
B 47.8 2.97 78.8 76.7
C 34.7 2.45 63.5 60.9
D 87.8 3.67 66.7 65.4

ZEERFHANRKALSG aFHYR K LLAERNESSESS A ANRRSHES , m5E

FAR EARDRE, A [R5 50 MR 77 R B 12 JRLUG , PR
SEHvAH i 45 A M BRI B T R ER A (R
7). T EFRSHE T Ea 580 SRS UFE
BEHER HTRHEEAGHFASRENE
BRIRES AR A5 7 7R B3 2 57 (P <0.01) , 1fl
PR BEWER (P <0.05) ; FREmMEHE

BWHBEESR (P <0.05) , 1 il BE7E R~ IR
FHRINIT B E W ZR (P >0.05) . FKHAKRKRES
I £ B85 1 397 4R R R R A I B
HIER, R BRI TN & , A FESBRAR
AT, S5 B AR R R UG BRI T
BRERES o
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R7 HEKXBAYMES . Mm%

Tab.7 Serum Ca and serum P of each group

n=10,X+SD

45 FB 1145 ( mol/L) blood calcium i1 ( mol/L )blood phosphorus
group dose 6 J& 6 weeks 12 J& 12 weeks 6 J& 6 weeks 12 & 12 weeks
poyit:|
ontrol FRBERL 2.78 £0.08 2.59 +£0.10 2.53+£0.25 2.32+0.18
A gmﬁ?gﬁfgﬁg'd 3.26 +0.04 %2 3.48 +0.05%°4 2.66 +0.06 * 2.74 £0.04**
5g/kg-d
B gmﬁ?gé%g;g 3.86+0.09%%24  4,00£0.4%%4 2.84 +0.09 **2 2.96 +£0.07 **44
C gﬁﬁﬁgﬁé‘g/k‘g'd 3.18 £0.06 ** 3.22 +0.08°° 2.54 +0.03 2.72 +0.06 **
D gmm@é%g/kg'd 3.34+0.05%* 3.48£0.07°* 2.66 +0.08*° 2.74 +0.03°°

TSR RA A, « P<0.05, «x P <0.01; SREBRISH HLE, AP <0.05,AAP <0.01,
Notes; =P <0.05 and =% P <0.01 as compared to the control group; AP <0.05 and AAP <0.01 as compared to the calcium carbonate

group.

S FTHNARART YA HE8 H
LA, BREBES B4, 3 IRA KB BB A K
B TE KRR EHTEMNSHAS AN/
FTEwA, WRSHFGHIEAREKESXR
HZIRTLBEWZSR (P >0.05) , i &5 2 4 [F
XHRAFERBEEZR (P <0.01), LRAF
05 £ B 55 L IR IR SS L IRV R0 B AR F T 7

KEMNBHSE A BERZESR (P <0.05),
HFEMBARGFAERBEEZR (P <0.01), H
TR EEA A RAERRSHER
EYHEETEAEH, RURRITRT 4™
RHER S B 55 YR R TR
BRERES, RARIEFER, RREHEE &R
BLHA B 3

*8 BEBRFANABREBHARE
Tab.8 Effect of haddock calcium tablet on thigh bone of rats

a5 - MR E left thighbone
group dose K (em) TE(gke) KE(g'ke) HH(mgks) HBi(gke) Bivfaifi(ke)
length dry weight ash weight bone calcium bone phosphorus  fracture load
pay:it::| ik
control b 3.42£0.03  1.62x0.08  0.98=0.05 421 +35 126 =9 9.8£2.2
FERERL +28/kg -d
A 3.48£0.05  1.85x0.02°° 1.15+0.04°*% 520x44°°% 12812 13.2+1.8°°
EEEEA
FRERL +58/kg -d
B 3.54£0.04%* 1.96£0.04%%2 1.16 £0.07°*% 562 +36°°2 130x14 14.4+2.0°*
EEEEA
c EMEM2eked 4 0008 1.8040.06% 1.08:0.067° 504x32°° 128210 12.8%2.0°
BRERES
D gﬁﬁﬁgm;%g/kg'd 3.52+0.07%° 1.86+0.01°* 1.10+0.02°% 538 +26°* 129 +6 13.8£1.6°°

TSR RA A, « P<0.05, «x P <0.01; SREBRISH HLE, AP <0.05,AAP <0.01,
Notes; =P <0.05 and =% P <0.01 as compared to the control group; AP <0.05 and AAP <0.01 as compared to the calcium carbonate

group.

3 itig

ARIEFS T IE , A [ SR IR 45 7] JHL I8 A 1A
Bk BB A TSR LR B R
BRRARRAE. BKNE" RAB R
AT B E RS, Ba LB s
RIS ITA A RSBR, M T SRR . AR

o, DABRBRE A ] 5 O 65 1 45 0 BOA RAFRY B
HR0, REE5R LR AMME,

ST YIRS, RCRK R RE YW
AHAYF AR, BN THETRMS, AL HS
TUER VB AN, LA X475 % A R 7 2494
™ ER IR IR Bk B R 45 R B
TEE. AR, 08B R RN
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BHRRERE B EIT AR KIKEFRF K
RESHMEAEBER S, RAEE S HEY
MARER, RRARE—PPIRIES, BRT
BLRRHCER FERARMR. BRERRAFEA
ER RN ER, R EEENBANRE
RIERA YA R AT R B, R85 HHEN
—BREXMBARBE R HETLRUK V, BF
FEAR AT REXT B AE I R B — Tk

4 NG

KABEA A EARER, RETLTZSH
471 mol/L NaOH 5% , =2 LB} I] 30 h, Z Bk
60% ,FHLATIR] 15 h, EIRIZ T2 KRB &
FaBBEaEEH, LA RKR, S5EE53
27.8% S B H12.2%,

KB FIER 4% W B B 21 s e B 2, BV
WRREST, B A S, AR FRAER, H
FoH S EIER O 102 B, R Y O R, 7
HESEEEWRDAmMERL,LES TEZ, B
AR o

LR BEEHER 2 o/ (kg-d) 5
BEER 5 g/ (kg-d) X T K B M5 B &
EEEMARERR, KERBWKE.TE.R
HOEBMEHRATAXARNEER, BARIFN
SN BT IE B TR A TR
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Studies on preparation of haddock calcium tablet
and its biological utilization

HUO Jian-cong, DENG Shang-gui* , TONG Guo-zhong
(College of Putuo Technology, Zhejiang Ocean University, Zhoushan 316000, China)

Abstract; With China’ s increasing development of fisheries and aquaculture, there is an annual increase in
the manufacture of aquatic products. Processing of aquatic products is associated with a large amount of
waste products, in which fishbone and fishhead account for 45% . The waste products had been used as
material of fish sauce and hydrolyzed protein, with high cost and complicated processes. How to efficiently
utilize this kind of calcium source becomes focus in fish deep processing. Not only in China calcium
deficiency is a prevalent nutritional disease, it has attracted the attention of the world because of its serious
result. The lack of calcium intake leads to great interest in demand of calcium supplement and calcium
fortification. Fishbone is a kind of natural calcium source. Until recently, researches on utilization of
fishbone almost focused on freshwater fish, while no research on seawater fish was conducted to study
biological effects on calcium supplement and bone fortification. So, investigating the possible use of waste
products obtained after processing haddock, the present study prepared haddock bone calcium powder by
NaOH and ethanol soaking ( alkaline-alcohol method) and prepared haddock bone calcium tablets using the
powder in combination with appropriate excipients. The biological efficacy of the haddock bone calcium
tablets was investigated using Wistar rats as an experiment model. Results showed that the optimal
parameters for the alkaline-alcohol method are as follows; NaOH concentration 1 mol/L, immersion time 30
h, ethanol concentration 60% , immersion time 15 h. The fish powder processed in this way has high
quality in color and odor compared with that prepared in acid method. Contents of fishbone powder are as
follows: calcium 27. 8% , phosphors 12. 2% , protein 3. 67% , fat 0. 44%. A mixture of 4%
polyvinylpyrrolidone in ethanol was used as an excipient, and the ratio between full-cream milk powder and
filler was 1: 2. Under these conditions, there is no necessity of the use of a disintegrating agent because
disintegrating time is less than 12 min. This process provided satisfactory characters for tablets in terms of
rigidity and taste. Animal studies showed that the haddock bone calcium tablets at a dose of 2 g/kg-d or 5
g/kg -d significantly increased blood calcium and phosphorus levels and bone calcium content in Wistar rats.
Therefore, the haddock bone calcium tablets have a better biological efficacy than the traditional calcium
carbonate formulation, promote bone growth, increase bone density and prevent osteoporosis. The
absorption rate is crucial for nutrients. High absorption rates are usually directly related to the bioactivity of
the nutrient. Although the reasons of high absorption in the rats fed with haddock bone calcium tablets are
still unclear, it is suggested that some factors, such as treatment with method of alkaline-alcohol or the
vitamin D in the added milk, may play positive roles in increasing absorption ratio. Some natural trace
elements such as magnesium, iron and phosphorus may also be responsible for the high bioavailability of
calcium derived from haddock fishbone relative to calcium carbonate. These researches provide a more
effective way for economic utilization of fish bone derived from marine fish processing.

Key words; haddock bone; calcium tablet; biological utilization ; Wistar rat
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