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ABSTRACT

This study was carried out to evaluate the bioavailabilities and the digestibilities of oligopeptide chelated (peptide-
Ca), anchovy bone (anchovy-Ca) and methionine hydroxyl analogue (MHA-Ca) calcium compared to those of cal-
cium carbonate in rats. In exp1l, CaCO;, were added to the basal diet at level of 0, 30 and 60% calcium of the AIN-93G
diet. In test groups, peptide-Ca, anchovy-Ca and MHA-Ca, were added to the basal diet to provide calcium at the level
of 40% of AIN-93G. In expl, the bioavailabilities were evaluated from the regression equation of the ratios of theolo-
gical/actual calcium intakes of each dietary treatment. In exp2, urine and feces was to evaluate the true- and apparent
digestibility and apparent retention. In expl, Ca-60% group had higher bone mineral density (BMD), bone mineral
content (BMC) and bone breaking strength (BBS) than those of the other standard groups. The bone weight and ash
content of the peptide-Ca and anchovy-Ca groups were significantly higher than those of the MHA-Ca. Bone calcium
content were not significantly different from the test group. The bioavailability of the MHA-Ca group was shown higher
BMD (71%), BS (38%) and BBS (27%) compared to another control group. But the regression coefficient for BMD,
BS and BBS were lower compare with that of bone ash and BMC. In exp2, the true- and apparent digestibility of test
groups were shown to over 90%. Peptide-Ca was not significantly different from other test group, but digestibility and
retention were higher compare to other test groups. In conclusion, peptide-Ca, anchovy-Ca and MHA-Ca improved Ca
bioavailability in the rats. The compounds were higher Ca digestibility compared with those of CaCO;. It is assumed
that difference of digestibility for test groups may be correlated to the bioavailability of test groups in BMD, BMC, BS,
BBS and bone ash respectively. (Korean J Nutr 2010; 43(1): 12~25)
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Table 1. Composition of diets (%) for calcium bioavailability test (Experiments 1, 2)

2)

Standard diets” Ca testing sources diets
Ingredients (Added Ca, % NRC) (Added at 40% of NRC)
Ca-0% Co-30% Cao-60% Peptide-Ca Anchovy-Ca MHA-Ca
CaCoy’ 0.00 0.36 0.71 0.36
Peptide-Ca® 1.40
Anchovy bone” 2.50
MHA-Ca® 0.50
Casein” 20.00 20.00 20.00 20.00 20.00 20.00
Glucose 27.26 26.90 26.55 25.86 25.31 26.60
Others® 52.70 52.70 52.70 52.70 52.70 52.70
Nutrient content, calculated
AME (kcal/kg) 3,650 3,650 3,650 3,650 3,650 3,650
Protein (%) 18 18 18 18 18 18
Available P (%) 0.3 0.3 0.3 0.3 0.3 0.3
Total Ca (%) 0.0038 0.147 0.287 0.217 0.229 0.207
%Ca from casein 0.004 0.004 0.004 0.004 0.004 0.004
%Ca from, CaCO; 0.144 0.284 0.144
%Ca from, Peptide-Ca 0.214
%Ca from, Anchovy 0.225
%Ca from, MHA-Ca 0.060

1) Calcium carbonate, reagent grade, was added to the basal diet to provide 0% (Ca 0%), 30% (Ca 0.15%), and 60% (Ca 0.30%)
of calcium requirement in AIN-93G diet for young rats.

2) Each calcium source was added to the basal diet to provide 40% of calcium requirement in AIN-93G diet for young rafs

3) Reagent grade chemical (Yakuri, Japan)

4) Sampung BnF (oligo-peptide chelated Ca)

5) Commercial dry-anchovy (only bone)

6) Methionine hydroxy analogue Ca (Novos International, Inc., U.S.A)

7) Acid casein (NZMP Ltd., Wellington, New Zealand) contains 92% crude protein. The casein’s calcium level is 19 mg/100 g casein.

8) Others include corn starch, 35%; Soybean oil, 7%; cellulose, 5%; sodium chloride, 0.26; AIN-VX Vitamin Mix, Dyets 310025
(Behtlehem, PA), 1%; mineral mix (Ca free), 3.5%; KH.PO., 0.55%; choline bitarate, 0.2%; DL-Methionine, 0.2%



Table 2. Analyzed and calculated calcium contents of the cal-
cium sources, and experimental diets

Ca sources Calcium content (%)
and diets Analyzed values  Calculated values

CaCOs - 40.1"
Peptide-Ca 15.3 15.3
Anchovy-Ca 9.04 9.04
MHA-Ca 12.1 12.1
Ca-0% diet 0.0036 0.0038
Ca-30% diet 0.145 0.147
Ca 60% diet 0.288 0.287
Pepftide-Ca diet 0.224 0.217
Anchovy-Ca diet 0.231 0.229
MHA-Ca diet 0.200 0.207

1) Theoretical calcium content (%). Reagent grade CaCO;s
(Ca 40.1%)
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5 A, FFE 12413F A4 A7 § ethyl ether
(Duksan Pure Chemical. Co., Ltd., Korea) & m}3 171
T Aol 5 mL FAPIE 1.5 mL A F g3 94
£2)7] (1,100 X g, 4C, J6-MC, Beckman Co., USA) &
ARgEte] EEekglth EF AES —75TColA A A7k
A Basigity. 93 5 2 542 O-CPCHHel
AZ & kit (MBL Co., Ltd., Korea) & ©]-£3}°] spectro-
photometer (Ultrospec 2000, Pharmacia Biotech, USA)
& 575 nmellA FFEE S8tk
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A 1A A s BakeRsith

Ys Bte 2 EF diEs of BMD 9 BMC 5732 %
oA WAbA & WX Z47] (dual energy X-ray ab-
sorptionmetry, DEXA LUNAR Pixmus G.E. Co., Ltd.,,
US.A)E ol&ai3ith 6719 A3Es &5 tEH=
6718 BAlel #dste] tE=e] total BMD, total BMC
4 total areaEs Tl o2 g thE =2l 4> DEXA
software¢! LUNAR PIXImus 2.0 program< ©]&3}o]
St

BMDs} BMC 549 tiHE A5
o 7oA 1A 7k WX gk 3 ARSIt o] wf e
AxE 2] Sl Lol AYAATE 58] Al F
45 2%y, Aol A4l gk kimwipesE 9ol
oA gito] Sikehs A1E WASIITE thE =2 BBS
9} BS¥= Turner™ 2] WH2Y © 2 Instron 4465 (Instron
Universal Testing Instrument, USA)-S o]-&3lo] =735}
At} BS+= three-point loading™ 2.2 =733t} Caliper
£ olgste] tE=e] dolg M ¥, I TSR T
ogHE eor e Al fXIg F AS FAS)
a1, o] ol load® §lo] 7helRe W, ol F+ AR
ol wh= §le] 712 Ssit dRbA o= ue] g
S 7Fshd, o]o Hk2-31] deformation®] Yoy load-de-
formation curve’} 1AW, o] curves= elastic defor-
mation region®¥} plastic deformation region?] ¥ &
© 2 U= 4= @t} Elastic deformation region®l|A+
of 7kl A= glol] S7kskell webA deformation®] B]Hsk
o] F7ksto] Aol ad=E vehde, ol ErE
elastic stiffness® 313t} thE 9 breaking strength
= three point loadingA] W7} Wk= 31| Hujzke st
Stk mel oigk 22l 3] SHL ohekst wort &
At APARe] Byt 9w 2x]2] vix)= Hofjgk o
AokAl frlste] AAlskeit) & A3 A2 Instron®]
load cell 500 NO.Z crosshead speed+= 0.5 mm/sZ
st o] BE ¥ ASTM standardell £t 2A]
3}3ict (Table 3).

CHEIE U o1 2 2a o B

gz sl ke Bgel L8 UEE AERE
105°C Ax7]elAM 24413 AZAA F65 A7 F, et-
hylether (Duksan Pure Chemical. Co., Ltd., Korea) 2
23] BAEI3ILE BXE Als 75CollA 2A1kF AEAA
A& U ethylether& €3] #| A3 3 desiccatorselA
IAIRE FRE A2 o= WAA FAE S48 (fatfree
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Table 3. Instron conditions for bone breaking strength and bone
stiffness

lfems Conditions
Software Series IX version 7.51
Test type Compressive

Units N

Cross head speed 0.5 mm/min

Load cell 500 N

Temperature 23T

Humidity 50%

Table 4. AAS conditions for calcium analysis

ltems Conditions
Lamp mode BGC-D2
Flame type Air-C-H.
Fuel gas rate 2.0 L/min
Wavelength 422.7 nm
Slit width 0.5 nm
Burner height 7 nm

dry weight). Fat-free dry weightZ 3231} 24 shke
Sk 71 TAIE ARESISITE @A ES] AlEE acid-
washing®t =7 el Y1 H7]3]sl2 e (600C, 847D
3|3}A171 & desiccatorollA 1A17F Aol A whgsle]
A SHsto] 3l e Aol

g SRS 3%o] & S=7]9] 6 N HCl €912 10 mL
< Y3 hot plate]ellA 30&3F Eo3A FIES
g3 A1Z1 & 50 mL volumetric-flask®l filter paper
(Wha-man No. 541, UK. & ¢]&3te] oJnlsll). o)A
S =552 FE volume 50 mL7FA] 9 & polypro-
pylene tube®ll Hol &4 A 7px] WAe] Busiglth 2
#9] BAL atomic absorption flame emission spectro-
photometer (AA-6701, SHIMAZU Scientific Instruments,
Inc., Japan) & o]&ste] ¥z W ZadS AXslel
t} (Table 4). Calcium standard solution (Aldrich, USA)
£ ARSI standard curve (R® = 0.998) 5 T-3I3th
AASO)] FQlsh= RE galo)] oAk o) HhE)rke-S vl
317] Yall 1% lanthanum oxide € (La,O 50 g/L. HCD)
< A7bsiith Al AHgE BE 2APITES 10%
nitric acid-g2oll4] 4817+ 52} acid-washingdlo] AR

Pafelo] nkioln
5] Mol AGSIITE W3 ko) B WL |G W)
Fab £431900,

MN°1 &S (Bioavailability) §HE

3AY ‘T ZF EA ] gt dlolE] x|eh 7+
# A% (mg/rat/day) HlolElE o]&ate] 14} 37144
218 -8t standard curveE T O HPYA O 2 HE
3| AE fEskelth

tro] ARQolA] 9FA

L

[Equation 1]

Body weight gain (g/rat/day) = 0.064 X Ca intake
(mg/rat/day) + 3.974 =0.774

3AY AT

equation 2%

T2HE G5 equation 12 W&l
T3k

[Equation 2]
Theoretical Ca intake (mg/rat/day) =
{Body weight gain (g/rat/day) —3.974}

0.064

Equation 2°f 7+ 2379 HA| +43t body weight
gain (g/rat/day) k= thdshd 2k A3 9] o]24] Z&
AF % (T = Theoretical Ca intake) & 78 & 911, A
A AgeA] At 2+ AT 2 AFHFE (A = Actual
Ca intake) & ©]-&sto] tha Aol w} Ak sl

H AE o] Ao RE (%) =
T (A38742] o]24 Ca intake)
A (B39 A Caintake)

291& (Digestibility) 2| B

= 28k (true digestibility) < 2]012 a5 242
2578 23S WU PO R Ca-0% 2] H-ollA] ul
Zu= 2o 2lo|7 <18t ZHgpo] opd UA8Z (endogen-
olg} 7}gsle] Ao|Eut AFHEE= 2o A
7lsh= WRolt). YRE 43k8 (apparent diges-
o A Y 9] W] Zdes s
AAA Yes= e Holel st Zgoletal
7WPstal Astas Ankshs WhHolth At BAE (ap-
parent retention) 2] 4§ 2lo]&2 AFH+= Dgolr] £
I 22 wlE He Zade Aglste] Al BaiEe A
S5 ik o thgaald od) Axlsiich”

X100

ous) ¢l Z%
38
tibility) <

i=]
G F

True digestibility (%) =



Ca intake-Ca in feces-endogenous Ca*
Ca intake

X100

Apparent digestibility (%) =
Ca intake-Ca in feces
Ca intake

X100

Apparent retention (%) =

Ca intake-Ca in feces-Ca in urine
Ca intake

%100

* Endogenous Ca is fecal excretion of Ca-0% diet

group

S

TE A% Avte] ZAEAL Sigma Stat 2.03 (SYSTAT
software INC. Chicago., IL)& A3l ow, Aghe-
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HAF, AT 7 9@ Aolag&S Table 50 #AAISF3ATE
AoldFHde ATl L H7F ol mEr A5l
718 Btk (p < 0.05). ZHAFRS 2o 7 &+
ol w2 2jo] AF Tkl vlElste] Ca-60%-0] 25
7P =S AFAEE BT (p<0.05). AF SRS 2
oFHFe] 7 W3k Ca-0% o] 7 w9ttt (p < 0.05).
AR AT SRR AT Zolrt ik A
o] && Ca-0% %t Fo)d o vttt (p <0.05). A3
oA Aol ag2 AT Zpol7t 9ISl o= 374 7
& wdo] BT ogAdo] 8] Wit veRd A¥s
A AZI},

e S7hEs ol&st e v 8 A1 H7h=
Table 6 #AA&FALE AL F242 v = 0.064 x +
3.974, 3AAF R) = 0.7745 Jebc) o83t 3]
As dBHAL] fA Aolg AT A, 129
o4 o)zt STt (p < 0.01). AL H$ CaCOs2
olg} LT Fo LS HAYS W BA o)Al A7t
o] A4 79 HE peptide-Ca2 25%, anchovy-Cat
2 15%, MHA-Ca2 35% ©] S7FA AT
3 =513 2k (TBMD), 3 = 72 &F (TBMC) &
o} oI N 0|84

== W A8 TBMD, TBMC, & & W4 (total
bone area) % UEE 4 A2 (ROD el st BMD,

Table 5. Body weight gain, feed intake, calcium intake and FER in rats fed the experimental diets for 3 weeks”

Standard diets

Ca testing sources

Measurements (Added Ca, % NRC) (Added at 40% of NRC)
Ca-0% Ca-30% Co-60% Peptide-Ca Anchovy-Ca MHA-Ca
Body weight gain (g/rat/day) 39 +0.3° 5.9 +0.3° 6.5+ 0.2° 67 £0.2 6.1 +0.6 6.3+ 0.5
Feed intake (g/rat/day) 12.0 +0.6° 142 +0.8% 14.9 +£0.3° 15.7 £ 0.3 152 £0.9 14.6 0.8
Calcium intake (mg/rat/day) 0.5 = 0.0° 209 +1.1° 429 £1.0° 34.2 + 0.6 34,9 + 22 303 1.7
FER? 0.32 +0.0° 0.42 £ 0.0° 0.43 £ 0.0° 0.43 £ 0.0 0.39 £ 0.0 0.43 £ 0.0
1) Data are means + SEM. Means with different superscript letters are significantly different (p <0.05)
2) FER (Food efficiency ratio) : Body weight gains (g) /Feed intake (g) for 3 weeks
Table 6. Ca bioavailability based on body weight gain in rats fed the diets containing various Ca sources
Ca testing sources”
Measurements
Peptide-Ca Anchovy-Ca MHA-Ca
Body weight gain (g/rat/day)? 6.7 6.1 6.3
Actual Caintake (mg/rat/day)® 34.2 36.9 31.6
Theoretical Ca intake (mg/rat/day)? 42.6 42.6 42.6
Estimated bioavailability of calcium® 125 115 135

1) Added at 40% of NRC

2) Calculated by feed intake (mg/rat/day) X ratio of calcium content in experimental diet

3) Calculated by equation (y = 0.064x +3.974, R* = 0.774)

Theoretical Ca intake (mg/rat/day) = {Body weight gain (g/rat/day) — 3.974}/ 0.064
4) Calculated as bioavailability (%) = Theoretical Ca intake/Actual Ca intake X 100
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BMC, bone area #k& Table 7elX¢} 2t} E71) TB-
MD, TBMC % total bone area Z3 7P o] A%
3t Ca-60%olA 7HE =A Wt (p < 0.05). gk AR
Ul Z5 o] Sl wet AxAo® Skt &
18] Z % TBMDS TBMC+ anchovy-Caw-o] 714
& w2 e

EErRE gE ] SRS BYs WAe® XY (ROI
= region of interest)sto] 543t gHS ®Bw, BMDg
Ca-60%o] 7P =5k Zaidslawol wet A4z e
7 7k (p <0.05). At 7] BMDSF BMC#R-
|93t 217} AAA 9, Ca-60% 13} B3-S Peptide-Ca,

X

anchovy-Cav-< AV =X15 HojF=9iv}. A= TBMD,
TBMC, BMD 9 BMC#Z & 24 A3l 7F =8
d Ca-60%ro] 7H Al UERGA tEzelx ] 7714
o] FF AEE Ao] o L g vjEAd S
&k 5= QIGIth Ad o= 1 Aol - Adth
BMD2} BMCakS o835t Al|o]84 37} A= 77}
Table 8, 9 ¥ Fig. 1, 20|49} 2t} BMD#LS o143t g
AAAL y =0.001 x + 0.045, R%= 0.916% Ve
AT 79 CaCOsAoleh Fdst o] 245 AFA3
W peptide-Cav< 63%, anchovy-Ca*< 69% 12
MHA-Caw& 71% ©H 574 5 A3tk BMCak=

K o

Table 7. Total bone mineral density (TBMD), total bone mineral content (TBMC), total bone area, bone mineral density (BMD), bone
mineral content (BMC), bone area in rats fed the experimental diets for 3 weeks

Standard diets

Ca testing sources

Measurements (Added Ca, % NRC) (Added at 40% of NRC)
Co-0% Ca-30% Co-60% Pepftide-Ca Anchovy-Ca MHA-Ca

Total”

TBMD (g/cm?) 0.039 0.0633 0.0875 0.0794 0.0822 0.0753

TBMC (9) 0.365 0.661 0.981 0.883 0.886 0.824

Bone area (cm?) 9.36 10.44 11.21 11.12 10.77 10.95
ROI”

BMD (g/cm’) 0.042 + 0.003°  0.084 +0.002° 0.110 + 0.003° 0.101 = 0.002 0.104 + 0.007 0.097 + 0.005

BMC (g) 0.005 + 0.000°  0.010 = 0.000° 0.014 + 0.001° 0.013 + 0.000 0.013 + 0.001 0.011 + 0.001
1) Sum of group’s total data
2) Data are means + SEM. Means with different superscript letters are significantly different (p <0.05)
ROI: region of interest
Table 8. Ca bioavailability based on bone mineral density (BMD) in rats fed the diets containing various Ca sources

Ca testing sources”
Measurements
Peptide-Ca Anchovy-Ca MHA-Ca

BMD (g/cm®)? 0.101 0.104 0.097
Actual Caintake (mg/rat/day)® 34.2 34.9 30.3
Theoretical Ca intake (mg/rat/day)? 56 59 52
Estimated bioavailability (%) of Ca® 163 169 171

1) Added at 40% of NRC

2) Calculated by feed intake (mg/rat/day) X ratio of calcium content in Actual diet
3) Calculated by equation (y = 0.001x +0.045, R* = 0.916) . Theoretical Ca intake (mg/rat/day) = {BMD (g/cm?®) — 0.045}/ 0.001
4) Calculated as bioavailability (%) = Theoretical Ca intake/Actual Caintake X 100

Table 9. Ca bioavailability based on bone mineral content (BMC) in rats fed the diets containing various Ca sources

Ca testing sources”

Measurements
Peptide-Ca Anchovy-Ca MHA-Ca
BMC (mg)” 13 13 11
Actual Ca intake (mg/rat/day)® 34.2 34.9 30.3
Theoretical Ca intake (mg/rat/day)® 35.6 35.6 26.5
Estimated bioavailability (%) of Ca® 107 102 87

1) Added at 40% of NRC

2) Calculated by feed intake (mg/rat/day) X ratio of calcium content in experimental diet
3) Calculated by equation (y = 0.221x + 5.133, R’ = 0.935) .. Theoretical Ca intake (mg/rat/day) = {BMC (g) — 5.133}/ 0.221
4) Calculated as bioavailability (%) = Theoretical Ca intake/Actual Caintake X 100
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Fig. 1. Relationship between BMD and Ca intake from calcium
standard diets groups.

Fig. 2. Relationship between BMC and Ca intake from calcium

standard diets groups.

Table 10. Bone length, bone stiffness (BS) and bone breaking strength (BBS) in rats fed the experimental diets for 3 weeks”

Standard diets

Ca testing sources

Measurements (Added Ca, % NRC) (Added at 40% of NRC)
Ca-0% Ca-30% Cao-60% Peptide-Ca Anchovy-Ca MHA-Ca
Bone length (mm) 28.3 = 0.24 29.5 + 0.26 29.7 £ 0.09 29.7 +0.20 30.4 £ 1.90 29.27 +0.48
Midshift max, mm 3.53 £0.11 3.57 £0.08 3.76 £ 0.06 3.64 £0.11 3.61 £0.08 3.71 £0.08
diameter min, mm 2.81 = 0.07 2.83 + 0.04 2.91 = 0.03 2.85 + 0.03 2.89 + 0.06 2.91 +0.07
BS, N/mm 15.6 £ 2.4° 91.5+9.7° 113 + 6.9° 99.6 + 6.3 109 + 9.7 121 £12.6
BBS, N 11.1 £1.9° 434 +28° 540 + 3.3° 53.4 + 2.1 55.6 + 2.6 53.3 + 3.1
1) Data are means + SEM. Means with different superscript letters are significantly different (p <0.05)
Table 11. Ca bioavailability based on bone stiffness (BS) in rats fed the diets containing various Ca sources
Meosurements Ca testing sources”
Peptide-Ca Anchovy-Ca MHA-Ca

BS (N/mm)? 99.6 109 121
Actual Ca intake (mg/rat/day)® 34.2 34.9 30.3
Theoretical Caintake (mg/rat/day)® 32.9 39.9 42.1
Estimated bioavailability (%) of Ca® 96. 114 138

1) Added at 40% of NRC

2) Calculated by feed intake (mg/rat/day) X ratio of calcium content in experimental diet
3) Calculated by equation (y = 2.295x + 24.16, R2=0.805) . Theoretical Ca intake (mg/rat/day) = {BS (N/mm) — 24.16} / 2.295

4) Calculated as bioavailability (%)

=Theoretical Ca intake/Actual Ca intake X 100
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Table 12. Ca bioavailability based on bone bone breaking strength (BBS) in rats fed the diets containing various Ca sources

Ca testing sources”

Measurements
Peptide-Ca Anchovy-Ca MHA-Ca
BBS, (N)? 53.4 55.6 53.3
Actual Caintake (mg/rat/day)® 34.2 34.9 30.3
Theoretical Ca intake (mg/rat/day)® 38.7 40.9 38.7
Estimated bioavailability (%) of Ca® 13 17 127

1) Added at 40% of NRC

2) Calculated by feed intake (mg/rat/day) X ratio of calcium content in experimental diet

3) Calculated by equation (y = 0.997x +14.75, R2 = 0.817). Theoretical Ca intake (mg/rat/day) = {BBS (N) — 14.75}/ 0.997
4) Calculated as bioavailability (%) = Theoretical Ca intake/Actual Ca intake X 100
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Fig. 3. Relationship between BS and Ca intake from calcium Fig. 4. Relationship between BBS and Ca intake from calcium
standard diets groups. standard diets groups.

Table 13. Bone weight, ash, calcium and serum calcium in rats fed the experimental diets for 3 weeks"

Standard diets Ca testing sources
Measurements (Added Ca, % NRC) (Added at 40% of NRC)
Ca-0% Co-30% Cao-60% Pepftide-Ca Anchovy-Ca MHA-Ca
Bone weight” (g) 0.17 £ 0.01° 0.23 = 0.01° 0.29 = 0.01° 0.27 = 0.01 0.26 + 0.01 0.26 + 0.01
Bone ash (%) 30.6 = 0.8° 417 +0.7° 48.9 = 0.3° 47.5 + 0.4" 46.1 £1.0% 450 +0.2°
Bone calcium (%) 1M18+1.2° 147 0.7 16.7 £ 0.4° 17.0 £ 0.5 17.1 £ 0.7 172 £ 0.3
Serum calcium (mg/dL) 6.5+02° 9.6 £0.3° 9.9 £ 0.4° 10.1 £0.2 9.9 +03 9.9 +03

1) Data are means + SEM. Means with different superscript letters are significantly different (p <0.05)
2) Fat free dry weight

S5 AL vy = 0997 x + 14.75, R%= 08175 =ell= ko)t 3l thEs 2§ peptide-Ca,
eRich A2 4§ CaCOolsh BU7 Be] 24&  anchovy-Ca W MHA-Cao] Ca60% WY} & 2
AH S Wl peptide-Ca> 13%, anchovy-Cat-> 17%, &&& BT o] Ay Al 25 Ca-60%T H
MHA-Cait& 27% BBS 2% t] S7hA13ch o 2E AFHES AN dEE o 545 dadadel

- = zpol7 A9t 8d L T Ca-0%w-S Alshd 5
M=k EI11I 2I'=', A YT, Y Ls AT X YHOIBY Sl B2 RS 9~10 me/dLE ;17} ge} Auel
R 2T

I EeRS. AL 92 %) A3} Fols)
gk A3h= Table 13049} 2t} a7l " I S ae

24 S S| RFFE Ca-60% 0] FHA &2 A
= Y (0 <0.05). A7 3%-d#-2 peptide-Ca -
¢} anchovy-Ca o] F2H =3A9F (p < 0.05), ZHr '



32.21, R*+= 0.980% YeRith Ad9] A9 CaCOys2
o]g], E?J_Eﬂ— a‘to] 7L/k0 /\44314 e} rq] peptide- Cate 11%,
anchovy-Cat=2 0%, MHA-Cat-2 6% U] 3|&E3=S =
7}A1Z ek (Table 14).

A%tg APl AOINAT, AENAT, M ST R A
°l22

23 SAOAN Ao|dHe AHAFHE AF =)k
4l 2o]g8S Table 1504} Atk EFETolA] 2lo]A]
Ated

Hgy ZEAFHEE A2 om =7 eS|
M Zel7h it AETelMe BE F5eld A

—— CaCOs standard curve

50

45

&8
5
o] 40
% y =0.427+31.21
@ =0.980
35 |
30 -
25 T T T T T 1
0 10 20 30 40 50

Caintake (mg/rat/day)

Fig. 5. Relationship between bone ash (%) and Ca intake (mg/
rat/day) from calcium standard diets groups.
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Table 14. Ca bioavailability based on bone ash in rats fed the diets containing various Ca sources”

Measurements Peptide-Ca Anchovy-Ca MHA-Ca
Bone ash (%)” 47.5 46.1 450
Actual Caintake (mg/rat/day)® 342 34.9 30.3
Theoretical Ca intake (mg/rat/day)® 38.1 34.9 32.3
Estimated bioavailability (%) of Ca® 111 100 106

1) Added at 40% of NRC

2) Calculated by feed intake (mg/rat/day) X ratio of calcium content in experimental diet

3) Calculated by equation (y = 0.427x + 31.21, R2 = 0.980) . Theoretical Ca intake (mg/rat/day) =
=Theoretical Ca intake/Actual Caintake X 100

4) Calculated as bioavailability (%)

{Bone ash (%) — 31.21}/0.427

Table 15. Body weight gain, feed intake, calcium intake and FER in rats fed the experimental diets for édays”

Measurements Co-0% Ca-30% Ca-60% Peptide-Ca  Anchovy-Ca MHA-Ca
Body weight gain (g/rat/day) 1.33 £ 0.58 3.38 + 0.29 3.04 + 0.54 2.67 £0.33 3.38 = 0.29 2,67 £0.8
Feed intake (g/rat/day) 132 +0.2° 18.3 £ 0.2° 19.9 +£0.9° 18.9 £0.0 20.7 = 0.9 17.4 £ 0.8
Calcium intake (mg/rat/day) 0.5 £ 0.0° 270 + 0.4° 57.4 +25° 41.2 +0.0 452 + 2.1 380+ 1.8
FER? 0.10 £ 0.04° 0.18 £0.01° 0.15+ 0.02° 0.14 = 0.02 0.17 £ 0.02 0.14 + 0.05

1) Data are means + SEM. Means with different superscript letters are significantly different (p <0.05)
2) FER (Food efficiency ratio) : Body weight gains (g) / Feed intake (g) for 6 days
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Table 16. True - and apparent digestibility, and apparent retention in rats fed the experimental diets for 6 days”

Standard diets

Ca testing sources

Measurements (Added Ca, % NRC) (Added at 40% of NRC)
Cao-0% Cao-30% Co-60% Peptide-Ca Anchovy-Ca MHA-Ca
—————————— mg/rat/é days ----------
Calcium intake 3.0+ 0.1° 162.0 +2.1° 3433 £ 15.1° 2742 £ 0.1 271.4 £12.7 228.0 £ 10.5
Fecal excretion 0.37 £0.01°  1.66 +0.03° 14.8 + 3.00° 3.86 + 0.09 7.95 +0.86 5.86 + 2.25
Urinary excretion 0.32 £0.14 0.30 £ 0.05 0.38 £ 0.11 0.38 £ 0.02 0.33 £ 0.01 0.30 £ 0.06
———————————— Estimated digestibility (%) of calcium based on? -

True digestibility - 98.7 + 0.03° 95.6 + 0.68° 98.2 + 0.03 96.6 = 0.50 972 £ 1.11
Apparent digestibility ~ 87.9 + 0.08° 98.9 + 0.03° 95.7 + 0.69° 98.4 + 0.03 96.7 + 0.49 97.3 £ 1.11
Apparent retention 772+ 4.69°  98.7 +0.06° 95.61 + 0.65° 98.2 +0.03 96.6 + 0.50 972+ 1.14
1) Data are means + SEM. Means with different superscript letters are significantly different (p <0.05)

2) True digestibility (%) = (Ca intake - Ca in feces - Ca in feces of Ca 0%) /Ca intake X 100. Apparent digestibility (%) = (Ca intake -

Cain feces) /Caintake X 100. Apparent retention (%) = (Caintake - Cain feces - Cain urine) /Ca intake X 100
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