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Abstract

The effect of boiling with apple vinegar and citric acid on the dissolution of Ca, Mg, and P out of pork
rib bone during stew preparation was investigated. As the concentration (0, 1, 2, 4%) of apple vinegar and
cifric acid increased, the amount of Ca, Mg, and P dissolved out of the rib bone increased compared with
the control. The increase in boiling time(3, 6, 9, 12 hour) also showed the same result. Between the two
acid condiments citric acid extracted more Ca, Mg, and P than the apple vinegar at the same
concentration. The pH of the pork rib bone stew added with the acid condimentis increased gradually
during the boiling process. Between the two acid condiments the apple vinegar extracted more amino acids
and protein than citric acid at the same concentration.
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Table 2. Change of pH in pork rib bone stew during
boiling with apple vinegar and citric acid

Boiling Concentration{(%)
time(hours) 0 1 2 4

3 8.04 3.86 360 343
Apple 6 8.27 411 389 3.70
vinegar 9 840 427 404 387
12 8.49 439 418 4,02

3 804 3.39 3.22 2.97

Citric 6 827 3.54 337 312
acid 9 840 3.65 344 321
12 849 3.75 348 3.25
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Table 1. Change of solid content in pork rib bone stew during boiling with apple vinegar and citric acid

Boiling time Concentration( %)

{hours) 0 2 3
3 0.17£0.025* 0.86£0.016 1.61£0.050 2.41+0.066
Apple 6 0,290,025 1.02£0,028 1.87x£0.019 2.69:+0.050
vinegar 9 0.47+0.038 1.15£0.068 2.01£0.084 2.79+0.026
12 0.81£0.019 13540019 23940123 3.39+0.066
3 0.17£0.025 1.57+0.050 2.68+0.040 3.86+0.326
Citric 6 0.29:+0.025 1.64£0.020 303+0010 454+0.020
acid 9 0.47 40,038 1.80%0.200 3.37£0.041 453+0.050
12 0.81+0,019 1.81£0.010 3.56+0.010 573+0.115

*M(%) £SD
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Table 3. Change of Ca content in pork rib bone stew during boiling with apple vinegar and citric acid

Boiling time Concentration(%)
{hours) 0 2 4
3 05240,02* 2110£1.77 38834017 44731167
Avole vi 6 056+013 2454+0 44 4311£1.33 55.0540.89
ppe Vinegar 9 0,68£001 24104001 43550,00 54,160,00
12 087003 2499089 5001166 55,05+0,63
3 0522002 9776:+£2.65 200574951 350.410,00
Citric acid 6 056+013 11070053 217374528 398.65+7.92
fne ack 9 0684001 118324458 219.24+458 415474916
12 087+003 137.14£6.85 232324529 447254923

*M (mg/100ml) £SD
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Table 4. Change of Mg content in pork rib bone stew during boiling with apple vinegar and citric acid

Boiling time Concentration( %)
(hours) 0 2 4
3 0.07+0,01* 1.48+0.05 265+0.09 2844007
Apple vinegar 6 0.09+0.01 2611007 409£0.16 453£0.19
9 0.1010.02 333+£0.12 4661028 561£0.12
12 0.111+0.02 457£0.15 6.20£0.27 724010
3 0.07+0.01 361003 7.28+0.31 950£0.23
Citric acid 6 0.09£0.01 4951004 933+011 1191£0.24
9 0.10+0,02 6.79£0.11 11.22£0.06 13.3510.20
12 011£0.02 7.04+0.23 13.11+0.00 14.09£0.20

*M (mg/100ml) +SD
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Table 5. Change of P content in pork rib bone stew during boiling with apple vinegar and citric acid

Boiling time Concentration{%)
(hours) 0 2 4

3 0.77+0.10* 6.75+0.22 10.90+£0.24 1358+0.12

Apple vinegar 6 0.981+0.26 6.421055 1141014 1413+1.40
9 1264034 6.4710.10 11.40£0.30 1544£0.36

12 153+0.66 647030 13.09+0.14 16.76+0.22

3 0.77+010 32.55+0.23 48.93+0.26 66,76 +0.30

Citric acid 6 0931026 35.69£0.09 56.10+0.28 67.53+£0.32
9 1.2640.34 35291025 58.18+0.54 67.88+0.52

12 1.53:£0,66 39.48+0.64 61.871£0.62 67521024

*M (mg/100ml) +SD
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Table 6. Change of Ca/P ratio in pork rib bone stew
during boiling with apple vinegar and citric acid

Boiling time Concentration(%)
(hours) 0 1 2 4

3 0.68 313 3.56 3.29
Apple 6 057 382 378 3.90
vinegar 9 0.54 3.72 3.82 351

12 057 386 382 3.28

3 068 3.00 4.10 538

Citric 6 057 310 387 590
acid 9 054 3.35 3.7 6.13
12 057 347 3.7 6.62
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Fig. 1. Change of protein content in pork rib bone stew
boiled for 12 hours with apple vinegar and citric

acid.
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Fig. 2. Change of amino acid content in pork rib bone stew
boiled for 12 hours with apple vinegar and citric
acid.
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