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Abstract

The focus of this study was the influence of organic acids such as acetic, citric and malic acid on the dissolution
of calcium (Ca), magnesium (Mg), and phosphorus (P) on chicken thigh bone. As the concentration (0, 0.5, 1, 2,
4%) of acetic, citric, and malic acid increased, the resultant contents of calcium, magnesium, and phosphorus were
higher than that of the control. When the boiling time (2, 4, 6, 8, 12 hours) was increased, dissolved amounts of
several minerals from the chicken thigh bone increased. Calcium dissolved the most when chicken stock was boiled
for 12 hours with 4% of malic acid added. In addition to minerals, amino acids and proteins were further extracted
by adding organic acids. The soup stock, which contains minerals such as calcium, can be obtained by boiling the
chicken thigh bone for 12 hours with an organic acid.
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Table 1. Change of solid content in chicken thigh bone stock during boiling with acetic, citric, and malic acid (mg/100ml)
iling ti Concentration (%)
Organic acid Boiling time
(hr) 0 0.5 1 2 4 F-value
2 035+006° 0452001 091005 1.2440.01° 1.45+0.06" 613.24%%*
4 038+0.02°  0.74+0.06" 1.00:0.03° 13940.11°  1.66%0.03° 397.19%*+
Acetic acid 6 045+0.09°  083+007  1.08+004°  140+004°  1.80+0.06° 351.93%*+
8 0.58+0.06°  0.86+0.00° 1.26:£0.01° 1.70£0.04° 1.8240.04* 1012.27%%+
12 0724003 1194003 1361002  1.9240.02°  2.10+002°  2422.00%**
2 0.35+0.06° 166+£0.02° 3444003 4364008  7.01+£003"  13183.32%#*
4 0.38+£0.02°  202+026°  3.69+009°  474+006°  820+036 1045.82%
Citric acid 6 045+009° 223125 2581027  536+040°  9.1210.10° 158.49***
8 0.58+£0.06°  225+006° 4252015  6.63+£0.04° 9294018 4725.69%*+
12 0724003  473+0.16°  6141020°  6.84+070°  10.5220.5° 383.81%+*
2 035006  215+008  417+£021°  493+021°  6.86+020° 1145.35%*x
4 038+£0.02°  231+0.10°  427+£021°  517+021°  841+103° 199.08%**
Malic acid 6 0.45+009°  245+0.10° 4591008  6.28+008°  8.72+0.06 7440.47%%*
8 0.58+006°  255+0.02*  4.93+007 7.53+0.07° 10.08+0.67" 781.61%*#
12 0.72+0.03°  277+005°  531+011° 7.89+0.11° 104040.10"  9798.30*+*
*M£SD.
*#xkp < 0,001,
Table 2. Change of pH in chicken thigh bone stock during boiling with acetic, citric, and malic acid
Boiling ti Concentration (%)
Organic acid otling time
(hr) 0 0.5 1 2 4
2 6.41£0.47 4.4240.04 420+0.11 3.96+0.04 3.8340.03
Acetic acid 4 6.45+0.54 4.65+0.30 4.52+023 4.3940.16 4284024
6 6.75+0.41 4.86+0.13 4.70+0.13 4.49+0.13 4454008
8 7.18+0.03 5.22+0.08 4.85+0.03 4.81£0.03 4.51£0.11
12 7.83+0.31 5.29+0.06 543+0.10 4.8940.10 4.52£0.02
2 6.41£047 3.924025 3.51+0.18 3.33+£024 2.79£0.18
4 6.45+0.54 4.0240.06 3.60£0.07 3.3440.04 2.99+0.02
Citric acid 6 6.75+0.41 4.13+0.07 3.63:+£0.07 3.34+0.05 3.00+0.06
8 7.18+0.03 4.2140.06 3.65+£0.06 3.39+0.06 3.02:40.04
12 7.8340.31 4214025 3.84+025 3.40£0.07 3.05£0.03
2 6.41£0.47 3.84£0.73 3.63£0.11 2.97£0.25 2.53+0.14
4 6.45+£0.54 3.9240.10 3.6440.05 3.00£0.02 256023
Malic acid 6 6.75+0.41 4.0440.04 3.6940.01 3.2840.10 2714026
8 7.18+0.03 4294052 3.78+0.05 3314040 2754033
12 7834031 4324048 3924003 3324048 2914005
*M£SD.
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Table 3. Change of Ca content in chicken thigh bone stock during boiling with acetic, citric, and malic acid (mg/100ml)
Boiling ti Concentration(%)
Organic acid oiling time
(hr) 0 0.5 1 2 4 F-value
2 0.45+0.09° 15.85+0.82° 18.15+191° 32254022 53.60+1.64° 1414,17%*+
4 0504002°  2285+057°  2840+142°  4650+261° 56804038  1281.02%**
Acetic acid 6 0.70+0.02¢ 2790+197 29.80+1.47° 71.15+2.99° 79.2040.68" 1734.27+++
8 0.75+0.02¢ 30.60+1.58° 35.50+1.38° 88.90+2.61° 90.05+1.96 2547 77%**
12 0.90+0.09° 52.65+0.69° 63.85+1.26° 92.40+2.56° 156.55+1.52° 7441 514%*
2 0.45+0.09° 76.15+0.16° 116.05+1.86° 129.15+0.78° 23210048  40108.69***
4 0.50+0.02° 81.05+1.20° 126.10£1.61°  222304£029° 334.85+0.71°  90746.89***
Citric acid 6 0.70+0.02° 88.10+£0.54° 137.05+226° 243.15+0.88°  359.60£0.57"  74744.65%**
8 0.75+0.02° 116.10+1.30°  176.50+0.89° 293.80+0.71° 373.85+£1.13"  125485.70%**
12 0.9010.09° 126.70£1.88° 24650087 30345+1.73° 405754244  4668632%%*
2 0.45+0.09° 60.25+0.47° 1241040465  21355+1.41°  33925+062°  158009.60%**
4 0.50+0.02° 68.75+0.21° 1372040365  269.45+122° 34940+1.53°  128567.60**+
Malic acid 6 0.70£0.02° 86.70+0.38° 14495+139°  28730+1.36° 356.60£0.18" 134346.70***
8 0.75+0.02° 102254071 199.50+1.49° 360204045 374.10+0.89°  176896.90%**
12 0.90+0.09° 116.4040.74°  22050+039° 37265+£1.72° 479.65+1.14°  186298.10%+*
*M=*SD.

+rp < 0.001.
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Table 4. Change of Mg content in chicken thigh bone stock during boiling with acetic, citric, and malic acid (mg/100ml}
g g Concentration(%)
Organic acid Boiling time
(hr) 0 0.5 1 2 4 F-value
) 0.05+0.05°  190+024°  365+014°  3.75+021°  4.60+0.60" 171.11%#*
4 0.074000°  240+008" 3854032  445%022°  4.70+0.06° 432,05%%+
Acetic acid 6 0.10+000° 2754023  410+017°  500+021°  510+0.10° 826.08*+*
8 0.14£000° 360007 4404007  740+052°  6.65+030° 1563.38***
12 020£001° 4754010  540+£005°  8504£003°  10.75+024°  5798.68%**
) 0054005  330+007° 5554003  615+£022°  695+027° 1499.88%+*
4 0.07+0.00° 3.45+0.02° 585+0.11° 6.25+0.16° 7.25+0.28° 1479.15%**
Citric acid 6 0.10£000°  460£0.11°  590£000°  630£002°  740+0.16"  5328.84%+
8 0.14+000° 465013  685+0.15 7194007  7.85+0.02° 5404.03%**
12 020001  850x111°  955£0.66°  9.00£030%  1035+0.17°  24246***
2 0052005  440+023"  575£092°  675+034°  7.95+035 205.48% %+
4 0074£000°  490+0.19°  615+0.10°  755+007°  8.15+030° 1593.92%**
Malic acid 6 0.10+000° 5454018 6654006  7.83+069°  945+0.20° 574.58%%*
8 0.144£000°  6.10+0.14°  750+£031°  833+021°  9.90+033" 1326.86%**
12 020£001  7.55£0.38°  1025£1.38°  9.90+053  1140£026°  211.33%**
*MESD.

**¥p < 0.001.
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Table 5. Change of P content in chicken thigh bone stock during boiling with acetic, citric, and malic acid (mg/100ml;
) Boiling ti Concentration (%)
Organic acid olling time
() 0 05 1 2 4
2 0.64+0.05 1.64+0.13 6.64£0.04 10.50+0.13 11.9940.25
4 1224018 5.00+0.59 7.32+0.25 12.40+0.45 19.93+0.31
Acetic acid 6 1.42£0.04 6.59+0.17 11.68+:0.45 15.81£0.67 22.18+0.79
8 1.59+0.08 7.25£0.08 17.06£2.07 22621031 31.05£1.02
12 1.9240.09 9.30£0.01 19.85+0.10 25.17+0.14 50.17+0.70
2 0.64£0.05 11.44£0.04 20.36 £0.04 41.40£0.05 46.04£0.17
4 122+0.18 12.36+£0.63 22641122 48.84+£1.02 62.68+0.92
Citric acid 6 1.424£0.04 16.68+0.59 36.36x0.10 55.16+1.46 72.00+3.04
8 1.59:+0.08 19.08+0.78 39.724+221 61.24+2.96 8128+223
12 1.924+0.09 21.96+1.72 42.84£2.26 69.884+0.57 91.40+0.04
2 0.64+0.05 10.32£0.09 23.08+0.23 44.52+0.35 46.56 £0.40
4 1.2240.18 19.20+0.82 35.44%3.01 48.84 +1.69 75.28+1.76
Malic acid 6 1.420.04 28.801.16 39.80£0.64 52.80£0.01 80.68 £1.60
8 1.59+£0.08 29.04+1.88 42.52+0.32 59.80+2.45 84.92+0.92
12 1.92+0.09 3325+1.84 50.8440.04 76.64+2.13 9444164
*M+SD.
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Table 7. Change of protein content in chicken thigh bone stock during boiling with acetic, citric, and malic acid (mg/100ml)
Boiling time Concentration (%)
Organic acid

(hr) 0 05 1 2 4
2 39.12+1.42 85.74%£1.13 113.45+1.89 168.85+0.29 202.48+5.73
4 109.6516.09 149.75£6.58 193.55+3.81 22474%7.15 254.62+7.52
Acetic acid 6 140.00+6.92 162.35£2.06 227.50+4.67 229.98+2.39 256.45+3.93
8 143.15+4.22 185.36 £6.46 241.55+£2.59 268.05+6.34 281.62+4.65
12 186.62+4.95 239.15£1.18 244.00+3.13 286.15+£0.97 345.74£1.89
2 39.12+1.42 123.45+6.46 189.45£4.50 215.55+£2.74 30435£1.09
4 109.65+6.09 196.86 £1.57 267.75+£6.04 30424 £5.67 34024 £6.31
Citric acid 6 140.00+6.92 217.98+3.74 283.65+8.48 315.85+7.82 394.74£8.32
8 143.15+4.22 227.98+£4.65 294.24+0.75 342.45+1.86 400.05+5.94
12 186.62+4.95 316.35£1.99 369.65+4.55 376.12£0.95 485.241+9.53
2 39.12+1.42 130.45+3.63 169.74 +4.34 231.86+5.58 307.12+£5.98
4 109.65+6.09 227.86£9.91 288.06+2.83 324354635 372.86£5.36
Malic acid 6 140.00 £6.92 250.86 £5.97 335.05+2.34 353.85+6.07 406.25+2.82
8 143.15+4.22 282.24+1.81 341.19+£8.30 418.06+4.63 477.86+6.17
12 186.62+£4.95 309.55+7.07 357.55+£227 432.251£4.53 525.451+3.54

*M+SD.

Table 8. Change of free amino acid content in chicken thigh bone stock during boiling with acetic, citric, and

malic acid(mg/100ml,

Organic acid Boiling time Concentration (%)

(hr) 0 05 1 2 4
2 11.50£0.22 14.3540.44 17.35+0.40 22.55+0.66 23.25+0.68
4 15.75+0.08 21.62+0.18 23.36+0.60 25.05+0.39 30.55+1.44
Acetic acid 6 21.854+0.26 26.50£0.05 26.75%+0.85 31.35+0.48 46.05+0.58
8 326240.13 34.65+1.84 41.55+1.53 33.65+2.62 49.62+4.14
12 37254237 38944021 44244210 46.50+0.94 56.75+0.88
11.50+0.22 14454127 33482061 37.86+1.45 44854072
4 15.7540.08 33.15£1.55 62.05+0.65 71.55+1.26 75.86£4.15
Citric acid 6 21.85+0.26 36.36+2.94 66.05+1.50 75.85+0.16 94.00+3.59
8 32.621+0.13 3815114 78.15+2.86 85.65+3.02 99.15+1.12
12 37.25+237 41.05+2.63 69.48+£4.56 86.86£3.75 113.360.99
2 11.50+0.22 15.95£0.56 26.85+1.70 38.95+3.46 47.62+0.66
4 15.75+0.08 38.98+1.40 45.36+1.04 55.86+1.84 71.053.11
Malic acid 6 21.8510.26 42244155 49.02+0.51 65.55+4.07 8298+0.19
8 3262+0.13 45.00+1.48 55.76£0.84 79.241+1.92 95.124+0.17
12 37.25+2.37 69.45+2.32 84.75£3.75 103.57+1.12 125.75+2.38

*M=ESD.

L2 4 %ld 1247 BRE 9 V9 BEd e 9 Bolt Azl vds] FAgn BE S
Wud $2%e Toble 79 2o dEZERT 4 A *1 AUuTE 7948, ABHIE AR 2ol Be
7Kzol Buidel 83l wRkool ol A9 Frh  $EFFE Uhilch o8 AR2RE Ul FH



386 o5 - BHEA - AERET - HNE - AL

$27h B4y 230 93¢ UAR 988 ¢
ik

& o

8. £ Razlofo|cit Eakel Hat

Table 8-& HME 24, FA, Aty 52 &4
zZ} 0, 05, 1, 2, 4% A 12A)17F BEYE w Ao] &
o 42 % fYolu|xat £EFE veld Holrt
Aol HA7lge dizeRt B2 23S el
o] o] Fxd vlEste §&%0] FrkIN 2
AR FAME AR HrbEel & £&2%E
VERRlEE ol ZAa2NE 4] FH9 vxot

oplwte] §3oE FPS VAL AeT T 4
2.

N. 2 <%

2 d7E o3 7 28 R 9 BHAEE 7
A #7142 dwol ol gste] ZY o 49 FFH
s 22 Akl Be &g, vladlg, A9 §57
HAE 9%E AR ed 1 AdE o doh

1 24, vhdlg, e £&%e e FRr)

55 7ML, Bole At vl# st
tetgth #e sRdME 249 FrkrRn
T, Atghatel Frhol ®ol &&=

2. AR 3 fejolrxdte £2¥E 7714

e 823 e Z¥E Uehiint
tol Arke R714E A7kt 12412 Rold
1488 opet dua, opuwate £&3Fo]
S7tsted, oA #7144 %7}5—1 qdste] 7HE3t

£ 4

ol Hf

e
fat
N
d
£

= *}éa 2}°1%} F A%

<
Ao
o

1. Masai Hiroyuki (1974) :
Cookery Sci Jpn 7, 58-64.

2. Yoshmatsu Fujiko (1981) :
Food Sci J 6, 78-84.

3. Yanagihara R, Gajdusek RM, Gajdusek DC, Tomita

Vinegar and Cookery, J

Vinegar and Cookery.

10.

1.

. Rivilin RS (1991) :

. Spener H, Kramer L (1986)

. Omi  Naomi,

Hotrlol RAEFRSREE

A, Uchikawa T, Konagaya Y, Chen K-M, Sobue I,
Plato CC, Gibbs CJ (1984) :

metabolism in guamanian chamorros with amyo-

Calcium and vitamin

trophic lateral sclerosis and parkinsonism-dementia.
Ann Neurol 15, 42-48.

. Fukaya Masahiro, Yamada Emiko, Terie Ayako,

Furukawa Yuji (1999)
Characterization of Solution of Insoluble Calcium

Yoshinori Tsukamoto,

and Magnesium with Various Kind of Vinegar.
Nippon Shokuhin Kagaku Kaishi 46, 94-98.

. Fukaya Masahiro, Yamada Emiko, Terie Ayako,

Yoshinori Tsukamoto, Furukawa Yuji (1998)
Effect of Cooking with Vinegar on Calcium, Mag-
nesium and Phosphorus Solubilization from Food.
Nippon Shokuhin Kagaku Kaishi 45, 655-662.

. Gilloly M, Bothwell TH, Torrance JD, Macphail

AP, Derman D, Mills W, Mayet F (1983) : The
effect of organic acids, phytates and polyphenols on
the absorption of iron from vegetables. Br J Nutr
49, 331-342.

Summary and conclusions:
areas for further study. Am J Clin Nutr 54, 288-
290.

. Masaru Yasui, Yamamoto Yase, Kawase Ota (1991)

: Distribution of calcium in central nervous system
tissues and bones of rats maintained on calcium-
deficient diets, J Neurol 15, 42-48.

: NIH Consensus
Osteoporosis factors contributing to osteoporosis. J
Nutr 116, 316-319.

Giansiracusa DF, Kantowitz FG (1984) :
bone disease, New York Acedemy Press.. 243 -245.
Miyake Yoshiaki, Yamamoto Kanefumi, Nagasaki
Masaru, Nakai Naoya, Murakami Taro, Shimomura
Yoshiharu (2001)
Citrate on Blood Lactate Concentration after Exer-
cise in Humans. J Jpn Soc Nutr Food Sci 54, 29-
33.

Matabolic

: Influence of lemon Juice and

Tsukahara Noriko, Ezawa Ikuko



Vol. 12, No. 5(2002)

13.

14.

15.

16.

#14

(2001) : Effect of Milk on Bone Metabolism in
Growing Male and Female Rats. J Home Econ Jpn
52, 689-698.

Goto Masahiro, Nisihimura Kimio (1995) : Sauce
separation in Cream Stew during Vacuum Cooking.
J Home Econ Jpn 46, 1159-1165.

Nisithimura Kimio, Goto Masahiro (1999) : Separa-
tion in White Sauce Made with a Chicken Thigh
Meat Eatract. J Home Econ Jpn 50, 713-721.
Nisihimura Kimio, Goto Masahiro, Nakai Shuryo,
Kawase Shin-ichiro, Miyake Yasuki (2001) : Pre-
venting Sauce Separation by Proteins Released from
Chicken during Heating. J Home Econ Jpn 52,
699-708.

Kim Myung-Sun, Han Jae-Sook, Mimide Takahisa
(1999) : The Effect of Mineral Dissolution from
Beef Rib Bone by Acid Condiment and Cooking
Time. J East Asian Soc Dietary Life 9(4) . 475-

A717r H(REF) 25 ¢tock)dl &&HE FrAF vAe IF

17.

18.

19.

20.

21.

387

482, 1999.

S AF #E 5= (1995 : RRPEES B
WL AR R A, 46-47, 66-67.

BANBER= (1993) : R, SRGERR S,
75-77.

Han Jae-Sook, Lee Mi-Hee, Kim Myung-Sun,
Minamide Takahisa (2000) The Study for
Utilization of Pork Bone as Calcium Reinforcement
Diet. J East Asian Soc Dietary Life 10(2), 153-159.
Shimosaka Chie, Shmomura Michiko, Terai Minoru
(1996) : Changes in the Physical Properties and
Composition of Fish Bone during Cooking by
Heating under Normal Pressure. J Home Econ Jpn
47 : 1213-1218.

Shimosaka Chie, Shmomura Michiko, Terai Minoru,
(1998) : Change in the Physical Properties and
Composition of Fish Bone Cured in an Acetic Acid
Solution. J Home Econ Jpn 49, 873-879.



