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Effect of Bluefin Tuna Bone on Calcium Metabolism of the Rat
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Abstract

This study was conducted to examine the effect of bluefin tuna bone on the bone metabolism of the rats.
Weaned 6-week old male rats were fed low-calcium diets for 2 weeks after the adjustment period. Rats were
divided into 6 groups and were fed experimental diets for six weeks. Experimental groups were O Normal
calcium: CC (0.5% CaCOs3; control) @ TB (bluefin tuna bone powder) @ CT (citrated bluefin tuna bone powder)
@ BB (bovine bone powder) ® CL (calcium lactate) ® Low calcium LC (0.15% CaCOs). Low-calcium diet group
(LC) showed the lowest calcium retention. There was no differences in calcium excretion in stool and calcium
absorption among various calcium sources. Serum calcitonin levels were high in TB, CT and BB group compared
to those in CC, CL. LC group. Parathyroid hormone and osteocalcin levels showed no differences among
experimental groups. Deoxypyridinoline (DPD) levels were significantly higher in LC group than in other groups.
Wet weight of the femur were significantly high in TB and CT group, and dry weight of femur showed no
differences among normal calcium groups. Bone density of femur in LC group was significantly lower than
those of normal calcium feeding group, and TB group showed highest bone density among experimental groups.
There was no differences in bone metabolism among various calcium sources. Therefore, it is pointed out that
the amount of calcium intake is very important because there was significant differences between normal calcium
diet and low calcium diet. According to the results of femur weight, ash, calcium and bone density, it is suggested
that bluefin tuna bone have alternative effects to bovine bone powder on the maintenance of bone health.
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) @ TB(bluefin tuna bone powder) & CT(citrated
bluefin tuna bone powder) @ BB(bovine bone powder) &
CL(calcium lactate, F4t45) ® A ZFE& g1 LCO.15 -
% CaCQOs, ©h4bAF) 0.2 FH atolch Ay A o) 9} o) 2%
T AHrEA A, AHsel 223 719 04% EDTAR

Ae F FFEE o] AHgetadrh 1717 St Aol

) AFL 1590 7] 239} 134 AHr|A ez &4
sk

Al2E

A7 2 657 Foll AYAFTES T HAAA %
ethyl ether2 w3 A 7] & ok53le] ) AAssict A= &
2 3000 rpmell A 208 7+ Al Ee)sle] FeEld €4S
-50°Coll A WER DAt e TS HE3)o] FH ol 2ol
e 2%, A, A FL A At FAE &A, 23}eg
of goh WS AY 5 A Aol A&7 F 2447
Eot AFAske] 88 100 mL7F HEE 3 Ased a, W2 105

U 9 FCa¥td 24 - T2 =+ LUNARAHMad-
ison, WL, USA)¢] kol L] 2] yAlA 24 % &3 7] (dual en-
ergy x-ray absorptiometry, DEXA) Al-&3}o3 23] &}gich.

HEFZ 105E5°CAM Az AxyAE F3E F
550~600°C2) 3tz A 6~8A7t 3)3}ste] & Bl EL o
et 3 3e 3 E-& 1 N HClo a8k 5 1% LaxOs& 34
slo] 218334 % Al (Atomic absorption spectrometer, Per-
kin Elmer Co) & 7"{3‘5"3}"9— 233t HE &I 72

cium-free)s= AIN-93Goll <] A3s}eq BHKJ?S}“ t}(Table 1). 2 nl o2 Helsle] e AR HoA AedaEs 54
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Table 1. Composition of the experimental diets (g)

Groups"
cC TB CT BB CL LC

Calcium carbonate 126 - - - ~ 3.7
Bluefin tuna bone powder - 13.3 - - - -
Citrated bluefin tuna bone powder - - 37.1 - - -
Bovine bone powder - - - 131 - -
Calcium lactate - - - - 370 -
Corn starch 397.4 397.4 3974 3974 397.4 3974
Casein 200.0 200.0 200.0 200.0 200.0 200.0
Dextrinized corn starch 132.0 132.0 132.0 132.0 132.0 132.0
Soybean oil 70.0 70.0 70.0 70.0 70.0 70.0
Fiber . 30.0 50.0 20.0 50.0 50.0 30.0
Mineral mix"' 350 35.0 32.0 3.0 35.0 32.0
Vitamin mix” 100 100 100 100 10.0 10.0
L-Cystine 3.0 3.0 3.0 3.0 3.0 3.0
Choline bitartrate 25 25 25 25 2.5 25
Tert-butylhydroquinone 0.014 0.014 0.014 0.014 0.014 0.014
Sucrose to 1000 1000 1000 1000 1000 1000

UCC (normal calcium: 0.5% CaCOQs; control), TB (bluefin tuna bone powder), CT (citrated bluefin tuna bone powder), BB (bhovine
bone powder), CL (calcium lactate), LC (low calcium: 0.15% CaCOs).
The composition of mineral mix was based on AIN-93G (calcium free).

Vitamin mix: AIN-93,
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AH5-241 7] (Hitachi 7600-110)%8 o] &-3}od EAslgich & o
% 9] alkaline phosphatase$] 42 Kind King2] v) 4% &
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t}. Osteocalcin- kit(Osteocalcin-IRMA, Biosource)& A}
48191 32, parathyroid hormone(PTH)& ['"% o] 43+ RIA
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Table 2. Body weight, body weight gain and food efficiency rate (FER) in the experimental groups

Group’ Initial BW (g) Final BW (g) Weight gain (g/week) Food intake (g/week) FER”
cC 119.03+4.95"™ 345.18+23.80°" 37.69+3.74" 158.10 8,63 0.25+0.03°
TB 129.88£35.54 338.83+23.99"" 34.83 T6.08" 154.47 £8.08" 0.23+0.05
CT 117.48+10.03 331.71£25.92 35.71+3.66° 150.64+9.99 0.25£0.02
BB 11855+7.25 357.94+19.22° 39,90+ 3.29° 161.88+7.98° 0.26£0.02
CL 11861 +6.31 336.23 £ 14.50" 36.27+2.13" 15052 +5.92° 0.26£0.01
LC 118.79+5.83 331.15+21.42° 3539266 158.71 £9.49™ 0.23+0.01

Y"CC (normal calcium: 0.5% CaCOs: control), TB (bluefin tuna hone powder), CT (citrated bluefin tuna bone powder), BB (bovine
bone powder), CL (calcium lactate), LC (low calcium: 0.15% CaCQOs).

’Food efficiency rate.
*Values are mean®SD.
»Nb. not significant.

"Values within column with same superscript are not significantly different by Duncan’s multiple range test at « =0.05.

Table 3. Calcium intake, Ca absorption and retention in the experimental groups

G b Ca intake Fecal Ca excretion Urinary Ca excretion Ca absorptlon Ca retention
TTOUp (mg/day) (mg/day) (mg/day) rate” (%) (mg/day)”

cC 102.96+11.17" 38.8914.87" 17.20+£875™ 61.20+18.01° 46.87£21.77°
B 105.16=8.15° 40.64=20.77" 14.55+5.00 61.8017.68" 49.97+18.04°
CT 90.11 £9.99" 3743+ 1653 16.11 £6.68" 57.86+19.70 36.57+21.20°
BB 93.68 +8.69" 42,8871 15.04° 16.10+2.26™ 56.46+14.74° 39.70+16.45"
CL 99.43+9.95" 26.45£6.51" 21.71£2.29 7351 *5.65 51.26+9.67°
LC 20547+ 4.46° 1.44+0.92° 1.89+2.14° 94.67+4.43° 26.22+6.85"

PCC (normal calcium: 0.5% CaCOs: control), TB (bluefin tuna bone powder), CT (citrated bluefin tuna bone powder), BB (bovine
_bone powder), CL (calcium lactate), LC (low calcium: 0.15% CaCOs).

")’Ca absorption rate (%) = (Ca intake - fecal Ca excretion) /Ca intake % 100.

¥Ca retention (mg/day) = (Ca intake - fecal Ca excretion - urinary Ca excretion).

I N
Values are mean*SD.

PValues within column with same superscript are not significantly different by Duncan’s multiple range test at « =0.05.
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Table 4. Calcium biochemical parameters in serum and urine in the experimental groups

Serum Urine
Group" ALP Osteocalcin Calcitonin PTH Deoxypyridinoline (DPD)
(IU/L) (ng/ml.) (pg/mL) (pg/mL) (nM/mM creatinine)
cC 246.63+94.857% 1.10£0.21% 2.63+£0.82° 206.68 + 46.87™ 271.80+51.20°
TB 302.75+71.58% 1.01£0.01 4.72+150° 185.87+49.75 273.55+55.24°
CT 308.63184.30°" 1.00£0.00 550+0.87" 176.16 £37.43 289,66+ 36.45"
BB 319.75£39.25 1.00£0.00 460E1.46° 202.28+27.97 249.43+41.21°
CL 298.38 + 46.67% 1.14+0.23 337£1.29° 202.42 + 48.96 259,52+ 62.44°
LC 360.38+92.00° 1.14£0.23 2.60+0.73 187.27£71.70 376.21 +145.12°

"CC (normal calcium: 0.5% CaCOs; control), TB (bluefin tuna bone powder), CT (citrated bluefin tuna bone powder), BB (bovine
bone powder), CL (calcium lactate), LC (low calcium: 0.15% CaCQOs3).

23
Values are mean*SD.

¥Values within column with same superscript are not significantly different by Duncan’s multiple range test at « =0.05.

NS: not significant.
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Table 5. Wet weight and dry weight of femur in the experimental groups

G b Wet weight Dry weight
roup g g/100 ¢ BW g /100 g BW
cC 0.802+£0.057%% 0.233+0.01™ 0.546+0.03° 0.159%0.01™
TB 0.836 £ 0.06" 0.247+£0.02® 0.532+0.03" 0.157£0.01%
CT 0.863£0.06° 0.261 £0.02° 0.537£0.02° 0.163£0.01°
BB 0.804£0.05™ 0.225+0.01° 0.539+0.02° 0.151£0.01°
CL 0.765£0.08" 0.227+0.02° 0.545+0.04° 0.162+0.01*
LC 0.641£0.04° 0.193+0.02¢ 0.437+0.03° 0.131+0.01°

YCC (normal calcium: 0.5% CaCOs; control), TB (bluefin tuna bone powder), CT (citrated bluefin tuna bone powder), BB (bovine
bone powder), CL (calcium lactate), LC (low calcium: 0.15% CaCOs3).

D
?Values are mean=SD.

¥Values within column with same superscript are not significantly different by Duncan’s muitiple range test at « =0.05.
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Table 6. Ash and calcium content of femur in the experimental groups

Group”’ Ash (mg) Ash/BW (mg/100 g) Ca (mg) Ca/BW (mg/100 g)
cC 330.20+ 21,997 95.76 £ 4.41* 128.83+9.27" 37.38+£2.28°
TB 323.96 + 26.88* 95.82+7.79° 123.85+16.97% 36541 4.04°
CT 331.08+14.23" 100.17+6.25" 117.43%£16.93" 35.58+5.90°
BB 340.40+12.74° 95,30+ 5.42° 134.32+9.23" 37.63 £ 3.40°
CL 329,65 £21.82° 98.06+5.13" 127.68+13.29% 37.93%3.08"
LC 240.79+7.78" 72.45+2.62° 95.28+4.99° 28.69+2.02°

YCC (normal calcium: 05% CaCOs; control), TB (bluefin tuna bone powder), CT (citrated biuefin tuna bone powder), BB (bovine
bone powder), CL (calcium lactate), LC (low calcium: 0.15% CaCOs).

“Values are mean*SD.

*Values within column with same superscript are not significantly different by Duncan’s multiple range test at @ =0.05.
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Table 7 . Bone mineral density of femur in the experimental
groups

Group'' BMD (g/cm?) BMD (g/cm’)/100 g BW
cC 0.172:£0.0077% 0.050+0.002™
TB 0.240+0.191° 0.070£0.052°
cT 0.173£0.004™ 0.052+0.005"
BB 0.175%£0.005" 0.049+0.004"
CL 0.177 % 0.006 0.053 = 0.002%
LC 0.132+0.003" 0.040+0.003"

YCC (normal calcium: 05% CaCOsx control), TB (bluefin tuna
bone powder), CT (citrated bluefin tuna bone powder), BB
(bovine bone powder), CL (calcium lactate), LC (low calcium:

0.15% CaCO).

v‘”Values are mean*SD.

"Values within column with same superscript are not signifi-
cantly different by Duncan’s multiple range test at « =0.05.
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