J Korean Soc Food Sci Nutr
35(7), 860 ~865(2006)

FHD THA L AN TEAKE XS Y

=AY O|xl= &

F34 GG

== =1
CEHR - =TS

Effect of Anchovy Treated with Ethanol, Citric Acid and Dietary
Calcium Supplements on Calcium Metabolism in Rats
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Korea Food Research Institute, Gyeonggi 463-746, Korea

Abstract

This study was performed to investigate the effect of ethanol and citric acid-treated anchovy, caseino-
phosphopeptides (CPPs), calcium lactate, and calcium phosphate as dietary calcium supplements on calcium
metabolism in rats for 5 weeks. Experimental animals were randomly assigned to five treatments with 15
heads of SD male rats (mean body wt. of 100 g) in each group. The experimental diets were as follows; dried
large anchovy powder (C) as control, ethanol +citric acid group (EC), ethanol +citric acid+CPPs group (ECC),
calcium lactate group (CL) and calcium phosphate group (CP), which were formulated with commercial semi-
purified Chow diet, while maintaining the same level of calcium in all diets (1%) groups. The weight gain
of EC group was significantly higher than ECC, CL and CP groups (p<0.05), food efficiency (FER) was not
different. In vitro and in vivo calcium absorption rates of ECC group treated with citric acid and CPPs were
204 and 28.4%, respectively, and the highest among the experimental groups (p<0.05). The blood glucose levels
of CL group (105.7 mg/dl.) was significantly higher than control group (985 mg/dL). In terms of serum lipids,
total-cholesterol concentration of EC group (75.1 mg/dL) was significantly higher than CP group (65.6 mg/dL)
and triglyceride concentration of CP group (335 mg/dL) was the lowest (p<0.05). ALP activity and OST level
were not different among experimental groups. The serum calcium concentration of control group (C) was
the lowest among groups (p<0.05). The femur weight of CP group was the lowest (p<0.05) and the femur
length of ECC group is the longest (p<0.05). The bone density of CP group (0.1116 g/cm?) was the lowest
while ECC group (0.1149 g/cmz) was the highest, and the bone density was increased by added CPPs. These
data demonstrated that ECC group significantly increased in vitro and in vivo calcium absorption rate, serum

Ca level, and the length and bone density of femur.
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Table 1. Experimental design

FA Al 2 T4 ATl & FA I LA e ((1}120111513) Treatments
Agre] 123% 2 714 2 F545 el C Control group (dried large anchovy)

mpeba] Bz Ao invitro BEE4s AAE in
vivo ZEFTER FATH A FA T FAAE Az
g A E s A Aol A gl A bAle) 7} /LH
o] 2 FAAENA) FHE 2 A gt v x|

EC Anchovy treated with ethanol and citric acid

ECC Anchovy treated with ethanol, citric acid plus CPPs"”
CL Anchovy treated with calcium lactate

CP Anchovy treated with calcium phosphate

"Cpps: caseinophosphopeptides.

£ A%e 2absr) Slste] Sausich
Table 2. Composition of the basal experimental diet
Mz 5Ly Ingredient Contents (%)

Mz Casein (feed grade CP 85%) 20
Corn starch 15
2 Aol AbgE AN E(AA 77 om, AFE 15 g)e Sucrose 45
A e 2T A AARA GG H B2 g4 Tl 5} Cellulose (fiber) &3
Sich WSl WAEE F 85%, DA 6L1%, A il 2
12.9%, 3|8 152% H 24 1.8%c]ich. A=l 7x) D,L-Methionine 0.3
(ww)s] F5& SOCAA DAL Aekotel a2 kg, AR i
T4t 19%F A2l shar, 50°Coll A Azste] 50 mesh #% Choline bitartrate 0.2

s 3 Adel Al

Total 100
YContained per kg mixture; thiamin - HCl 600 mg, riboflavin

z . i = EOD _—' _ . - - N 600 mg, pyridoxine - HCl 700 mg, nicotinic acid 3 g, Vit. A

FAZ A S A2 ddEde] APFE g 400,000 TU (retinyl acetate), Vit. E (dL-a-tocopheryl acetate)
Abel] WA= A g A 9)3ste] Sprague—Daney%— 2)%%0 'Héé Vit.kDa 25 mg,c\;tip g 280 mgNarg ;ECTOIS{(ZQ();
27 B= = 3alsled 13 ETO (20 5 ontained per kg muxture, 4 g, Na g, '
TR AFE SAsteleh AdeEs 1590 29w H0 220 g, KoSOs 52 g, MgO 24 g, 48% Mn 35 g, 17% Fe
Folstel 27)5

AR v FFAF] 100 g AR o
15etel vl e g Aesigch gl Aa (g

6.0 g, 70% Zn 1.6 g, 53% Cu 0.3 g, KIO3 0.01 g, CrK (SO4) -
12H:0 055 g and sucrose.

Table 3. Composition of experimental diets (%)
Groupl) Moisture Crude protein Crude fat Crude ash Carbohydrate Calcium
C 9.32 27.66 435 7.40 51.27 1.13
EC, ECC 9.48 27.01 3.69 6.57 53.25 1.14
CL 9.36 22.47 4.03 6.65 57.49 1.07
Cp 9.93 22.78 3.86 7.21 56.22 1.11

1)C, control-dried large anchovy; EC, ethanol and citric acid-treated anchovy; ECC, EC+CPPs; CL, calcium lactate—treated anchovy;
CP, calcium phosphate-treated anchovy.
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pancreatin{P-1750, from porcine pancreas)¥ 2.5 g2 bile
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48 4171 pancreatin-bile salts mixtureE 5 mL A7}skz 2
A1 ZH5-9F 37°Cell Al incubation ¥- $41 2+ ) A3t mem-
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(BMD, bone mineral density) 2 =42 g2k(BMC, bone
mineral contents)s A4 3tth TU T ZojuF ke
WA EH E=5A 7 (DDEXA® X-ray-bone densitometer,
Norland Co., USA)E 2431 24314t &3 Asslx
% 499, FEU 2 E 4 S FEE assay kits o] ¢

3} enzymatic method(ADVIA 1650, Bayer, Japan), alka-
line phosphatase(ALP)&4-2 enzymatic method, osteo-
calcing =+ WAL 34 (IRMA: immuno-radiometric
assay), Z4(Ca) s 5= colorimetric method® Z+z+ B33}

stk

SHAE

B»E AYAIAE SASZ 2 18 (Version 801, SAS Insti-
tute Inc, USA)E o[ 83l 7+ Ag -9 Hi7 ZFHAE
Attt 7 Ag#7ke] 2ol one way ANOVAE A}
£3}ed |l 7, Duncan’s multiple range test® 5% 5
FollA o4& AEsA

Z3t ¥ 1@

AR FTEES 5577 A% F AT A SA= Aol4
Hek 9 Ao) AL&(FER)-E Table 49 vyebliglct. A8 7| 7¢
= A EA e FRo 2 A MHAA F citric acidE 2] &
ECT(8.35 g/day)e] ECC-3} Ao il E o] 45 &
AT (CL)F a7 (CP)e vl&] SFAAR &
SheH(p<0.05). Aol Al & & w3 Axdd-E Hr13 CF
o] 2590 g/dayE 7F3 9k, ECC#°] 2489 g/dayZ 714
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M2 (in vitro & in vivo) ZEETE
FA I 2R AolZgaAE Al tiEe A
ZEFTE A= Table 59 2} A2l Gn vitro) ZEFS
2 AP T Lol FAA QL Ael7t 3l eH(p<0.05). &, citric
acid®} CPPE A &|gk ECCYo] 204%= s Azdd-S
%7}%} 20 2.9%x.} oF 7Wl, CPPsE #7l81~4] ¢
& ECT9] 12.3%3.x} o 1.748] gk}, Aoldgia g 7+
7} lactate®}t phosphate® &7}k CLT3 CPA-& iz

Table 4. Effect of anchovy treated with ethanol, citric acid and dietary calcium supplements on weight gain, food intake

and food efficiency ratio in rats

Group” Initial wt. (g) Final wt. (g) Gain wt. (g/day) Food intake (g/day) FER”
C 99.35+2.602%% 381.00+14.81° 8.04+0.37% 25.90 +0.54* 0.31+0.01™
EC 99.43+5.64 391.32+10.98° 8.35+0.35 25.69+0.58™ 0.32+0.01
ECC 97.77+4.31 37546+ 14.77° 7.94+0.39 24.89+1.66° 0.32+0.02
CL 100.21 =3.69 376.48 £8.54" 7.90+0.25" 95.41 =0.53™ 0.31+0.01
CP 08.15+2.58 369.25+12.61° 7.7420.34° 24.97+0.27°° 0.31+0.01

1)Groups are the same as in Table 3.
“Values are mean+SD (n=15).
)Not significant.

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

FFood efficiency =weight gain—+food intake.
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Table 5. Effect of anchovy treatment with ethanol, citric acid, calcium lactate, calcium phosphate and dietary calcium supple—
ments on in vitro and in vivo calcium absorption rate in rats

1 vivo
Group” in vitro Ca intake Fecal Ca Urinary Ca excretion Ca absorption”
(mg/day) excretion (mg/day) (mg/day) (%)
C 29+0.22% 205.5+27.6"% 963.6+27.4% 19402 105%3.0°
EC 12.3+0.2° 309.2+46.7 2424+425 1202 21.4£29°
ECC 204+03° 29954339 212.8+235 15404 284+3.7
CL 48+02° 202.6£305 953.0+28.2 13403 13.0+48°
cp 52+0.2° P17+146 2827 +938 12405 11.8+39°

1)Groups are the same as in Table 3.
Values are mean+SD (n=15).

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

Not significant.
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Table 6. Effect of anchovy treatment with ethanol, citric acid, calcium lactate, calcium phosphate and dietary calcium

supplements on haematochemical parameters in rats

Group’ )

Glucose (mg/dL)  TC” (mg/dL) TG (mg/dL) ALPY (IU/L) 0ST” (ng/mL) Ca (mg/dL)
C 89.5+22.297 68,7 +7.6™ 62.7+26.4° 769.3+207.3%% 0.14+0.01™ 10.82+0.26"
EC 9%6.6+9.1% 75.1+10.0 65.2+32.1° 775241939 0.18%+0.11 11.13+0.33
ECC 92.9+23,0™ 72.9+11.8° 57.1£12.5° 762.6+132.4 0.13+0.02 11.14+0.41°
CL 10571117 68.0+9.8" 5734255 778.7+289.3 0.21+0.17 11.07 £0.45%
CP 101.4+13.0% 65.6+10.3° 335+95° 6759+ 136.9 0.17+0.16 11.33+0.40°%

1)Groups are the same as in Table 3.

2TC: total cholesterol. P TG: triglycealdehyde. YALP: alkaline phosphate.

Values are mean*SD (n=15).

Y0ST: osteocalcin.

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

®Not significant.
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Table 7. Effect of anchovy treatment with ethanol, citric acid, calcium lactate, calcium phosphate and dietary calcium supple-
ments on weight, length, bone mineral density and mineral content of femur in rats

Group” Dried weight (g) Length (cm) BMD? (g/cm? BMC® (g)
C 0.59+0.047% 3.48+0,10° 0.1140 +0.0042 0.3309 £ 0.0349™%
EC 059+0.02% 353+0.06® 0.114320.0017% 0.3326+0.0118
ECC 0.60+0.03° 358+0.10° 0.1149 +0.0024% 0.3338-:0.0316
CL 0.59+0.04° 353+0.09 0.1126+0.0027" 0.3324+0.0239
CP 0.56+0.04° 3.53+0.09% 0.1116£0.0031° 0.3205+0.0245

1)Groups are the same as in Table 3.

BMD bone mineral density. BMC: bone mineral content.

“Values are mean£SD (n=15).
5)Values within column with same superscript are not significantly different by Duncan’s multiple range test at a=0.05.
Not significant.

2 AL=23v} w3 A 2] biomakere! alkaline phosphate(ALP)
o AL 0] ST w) Frr=El =l Al vl Ao}

Aol AdA7d w3, AL A el B S

v CP(0.3205 g)oll ¥l EC, ECC ¥ CL%(0.3326~0.3338
g)o] ttx =gtk whebA CPPsE #71 ECCEel vHE
Aol vlel e Fe] FA} Aol FU=e} v

osteocalcin(OST)2} 7] 7ro] Z7}8 el B 35 ¢ rh(28,
29). 12y B o FollA ALPEA - CPi°] 6759 TU/LE
& A(762.6~778.7 TU/L)l w8l 71 wgke). o=l
ole] AAUE-E A7 AR S AFL MLl g8 A
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< S ez AP Han(30)o] Bugt Y3 ALPE
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B 52317 vh4 $9k3L, Yoond Hwang(31)2] R.ie)] u)
A FAde] A4l it 2IAEY FEAL Foln
&34 (osteogenesis) &A1& el OSTEEE B 43
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T EAAQ 2ol 9193 Han(30)o] Bu¥ 44~48
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