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Quality Characteristics of Duck Stock by the Addition of Malic Acid
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Abstract

This study was performed to develop duck stock using various nutritional elements in duck bone by the addition of malic
acid (0.5%, 1.0%, 1.5% and 2.0%). Moisture contents, b value, and pH were decreased, while the L value, a value, salinity,
and sugar contents were increased by increasing the ratio of malic acid. Thirty four types of free amino acid were detected,
and the highest individual amino acid content was 1.0%. In a test for different attributes, malic acid content significantly
affected properties including color intensity, transparency, acid flavor, savory flavor, acid taste, and savory taste. In the accep-
tance test, a malic content of 1.0% was preferred for appearance, taste, and overall quality. The optimal malic acid content
for maximizing the overall quality of duck stock was 1.0%.

Key words : Stock, duck, malic acid, free amino acid, sensory test.
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Table 1. Basic formulas of duck stock

Ingredients Amounts(g)
Whole duck 1,600
Duck bone 560
Celery 150
Carrot 270
Onion 100
Leek 100
Bay leves 2
Dried thyme 3
Dried rosemary 2
Black pepper 5
Salt 20
Water 10,000
Yield 6,000
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Table 2. HPLC condition for free amino acids analysis of
duck stock

Items Condition

Column PF column cation exchange resin

(4.6 IDx60 L(mm))

Buffer solution pH 2.2, 0.2N lithium/citrate buffer

Column temperature 30~70C

Pump 1 : Buffer solution

Mobile phase
Pump 2 : Ninhydrin

Flow rate Pump 1 : 0.35 mL/min

Pump 2 : 0.3 mL/min

Injection volume 10 uL
Reproducibility 1.5 CV
Retection limit 10 pmol
Reacti il o
eaction coi 135C

temperature range

Photometer Channel 1 : UV-570 nm

Channel 1 : UV-440 nm
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Table 3. Moisture contents of duck stock with various amounts of malic acid

0% 0.5%

1.0% 1.5% 2.0% F-value

Moisture contents(%) 98.49+0.37° 98.27+0.15"

97.960.08°

97.3420.14° 97.17+0.20° 2251

Mean+S.D. " p<0.001.

*"¢ Means in a row by different superscripts are significantly different at 5% significance level by Duncan's multiple range test.
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Table 4. Hunter's color value of duck stock with various amounts of malic acid

0% 0.5% 1.0% 1.5% 2.0% Fovalue
L 23.61+0.92° 25.00+0.65° 26.41£0.16° 28.29+0.54° 28.77+0.43° 39.90™
a 1.8740.28° 3.10+£0.34° 4.09+0.01° 4.90+0.30° 5.5240.03" 4747
b 2.3040.12° 1.5740.06™ 0.94+0.03" 0.44+0.02° —1.3240.06° 13.04”
MeantSD. = p<0.01, " p<0.00l.

*"¢ Means in a row by different superscripts are significantly different at 5% significance level by Duncan's multiple range test.

Table 5. pH values of duck stock with various amounts of malic acid

0% 0.5% 1.0% 1.5% 2.0% F-value
pH 6.24+0.02° 5.01+0.01° 4.68+0.02° 4.51+0.01 4.06+0.02° 801036
MeantS.D. " p<0.001.

“7¢ Means in a row by different superscripts are significantly different at 5% significance level by Duncan's multiple range test.

Table 6. Salinity and sugar contents of duck stock with various amounts of malic acid

0% 0.5% 1.0% 1.5% 2.0% F-value
Salinity(%) 0.39:£0.00° 0.40+0.01° 0.43+0.00° 0.43+0.00" 0.43+0.00" 160.00"
°Brix 1.96+0.12° 2.10+0.10° 2.30:£0.00° 2.53+0.06" 2.80+0.00° 6294

MeantS.D. " p<0.001.

*"° Means in a row by different superscripts are significantly different at 5% significance level by Duncan's multiple range test.
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Fig. 1. Standard amino acid chromatogram by HPLC.
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Table 7. Contents of free amino acids in duck stocks by amount of malic acid (#L/L)
0% 0.5% 1.0% 1.5% 2.0% F-value
Threonine 184.62+23.53" 179.84+23.70°  217.14420.42°  245.98+24.44"  217.64+20.47" 435
Valine 259.94+19.54*  232.35£16.80°  267.11427.45°  234.69+22.82°  186.49+19.17° 6.52"
Methionine 96.69+5.47" 79.97+4.68™ 83.83+11.05" 66.88+8.53 62.83+8.28" 8.82"
Isoleucine 153.80+11.12°  141.48+10.14™  169.12+23.91° 135.19+18.69" 102.16+14.44° 6.90"
Leucine 217.76:2.19° 210.90+2.12° 248.33+3 84" 196.11+3.02 165.3242.55° 349.24™
Phenylalanine 173.84+28.16" 154.60+25.04° 187.91+23.96" 148.01+19.50° 109.72+13.99® 5.16°
Lysine 223.40+16.15°  199.35+14.99"  260.03+27.27°  219.77+2331° 153.25+16.07° 11.28"
Histidine 116.28+6.80" 108.6746.15" 132.64+7.75° 117.67+6.66° 84.32+4.93° 2208
Arginine 598.03482.66"  601.16+84.99"°  746.91£9523"  661.54487.16"  335.56+42.78" 10.90"
Taurine 2,754.76+42.34"  2,327.84+35.95"  3,090.13+129.66° 2,633.70+158.39" 1,863.93+115.62% 3517
Aspartic acid 353.98+46.64°  237.45+3028°  384.06£26.76°  397.97+37.49°  231.06+21.77° 1413
Serine 508.88+59.20 394.12+45.85 522.40+54.79 456.94+48.46 424.22+44.50 345"
Glutamic acid 1,064.83£17.99°  872.92+13.42°  900.86£52.67°  767.37+43.45° 636.83+37.23% 8745
@ -Aminoadipic acid 18.79+2.40" 10.17+1.34° 11.31£1.57 14.85+2.10° 8.34+1.16° 1645
Glycine 307.66+23.13° 286.33420.70°  294.06+4.37" 267.57+4.13% 249.72+43.84° 6.98"
Alanine 1,108.48£69.55°  1220.63£79.38"  938.02+128.05"  843.79+112.02°  782.39+106.80° 9.74"
£ -Alanine 79.61+12.90" 59.17+9.59™ 62.92+7.32™ 67.26£9.51™ 42.97+5.94° 6.66 "
Anserine 1,150.714124.10°  1,138.23+160.92° 1,490.69+140.19° 1,179.69+117.23° 1,128.41+106.12° 9.94"
Carnosine 1,729.72+130.04"  1,216.85£172.04° 1356.91+187.40°  829.60+134.38°  818.29+132.55°  17.670
Phosphoserine 72.99+5.49° 64.58+4.67° 77.50+1.16° 62.16+1.26™ 49.31+1.00" 20.58"™
Hydroxyproline 94.68+5.36" 81.6744.77" 85.0348.57% 76.68+9.78™ 59.82+7.88" 10.12”
Sarcosine 20.65+2.92° 2422+33° 28.94+2.09a 11.23+0.84° 10.14+0.73° 39.56""
Proline 231.85+16.77° 169.58+12.75°  200.61+20.09° 181.54+19.25 161.85+16.98" 7.64
Citruline 26.60+2.79" 8.78+0.93% 19.23+1.08" 10.67+1.25° 7.000.82° 80.11°"
@ -Aminoi-n-butyric acid 8.14+0.58" 5.78+0.40° 8.02+0.50° 4.96+0.47° 5.02+0.50° 2264
Cystathionine 33.89+3.19" 34.14+3.40" 33.3142.27° 31.40+3.23" 27.08+2.63™ 743"
Tyrosine 142.42+14.63° 153.64+14.95°  171.66+10.65° 154.19+9.27 110.17+6.83° 11417
/3 -Aminoisobutyric acid 5.42+0.27 - - - -
¥-Amino-n-butyric acid 130.64+14.44° 99.46+11.06 103.21+6.42° 89.79+6.43° 92.13+6.35° 9.47%*
DL-5-Hydroxylysine 32.5743.24 31.0242.92 34.6143.44 34.23+3.22 28.7142.85 179
Ornithine 18.20+9.97° 13.05+1.72° 13.53+1.87° 12.68+1.79° 9.87+1.37° 117.80™"
1-Methylhistidine 4.7240.36° 9.43+0.68" 8.87+0.14" 5.9120.09" 6.040.09" 99.45™"
3-Methylhistidine 9.50:£0.60° 7.04+0.46 8.92+1.22° 8.68+1.15% 8.14+1.11° 281"
Total 11,934.05 10,374.43 12,157.82 9,711.76 8,178.73
MeantS.D. ™ No signification, = p<0.05, ~ p<0.01,  p<0.001.

*7¢ Means in a row by different superscripts are significantly different at 5% significance level by Duncan's multiple range test.
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Table 8. Sensory evaluation by attribute differance test results of duck stock with various amounts of malic acid

0% 0.5% 1.0% 1.5% 2.0% F-value
Color intensity 5.21+0.40° 5.16+1.12° 4.95+1.13" 3.68+0.34° 3.26+0.82° 824
Transparency 2.05+0.18° 5.32+1.01° 4.37+0.46° 3.58+1.02° 4.4240.64° 17.02™"
Acidic flavor 247+0.57° 3.63+0.61° 3.95+0.39° 4.47+0.93" 4.58+0.61° 5127
Scorched flavor 4.47+0.65 3.954+0.51 4.21+0.44 4.37+0.64 4.47+£0.47 0.39"
Savory flavor 4.74+0.93" 3.4240.61° 4.58+0.90°" 3.00+0.51% 2.4240.21° 13.93™
Acidic taste 2.68+0.57° 3.47+0.72% 4.21+0.82™ 4.63+0.86™ 5.42+0.65" 953"
Scorched taste 4.63+1.21 3.84+0.77 4.58+0.54 4.11£0.49 3.79+0.61 1417
Savory taste 5.00+0.94° 4.16+0.59% 4.16+0.71° 3.79+0.84° 2.79+0.74° 6.69""
Mouthfeel 3.79+0.76 4.37+0.94 3.89+0.88 3.32+0.76 3.37+0.34 229"

MeantS.D. ™ No signification, ~ p<0.01,  p<0.001
Numberical scores were given to the acceptance levels with 1=‘extremely weak’ and 7=‘extremely strong’.
¢ Means in a row by different superscripts are significantly different at 5% significance level by Duncan's multiple range test.

Table 9. Sensory evaluation by acceptance test of duck stock with various amounts of malic acid

0% 0.5% 1.0% 1.5% 2.0% F-value
Appearance 2.37+0.42° 4.74+0.70° 4.95+0.68" 3.74+0.47° 3.89+0.86™ 10.44™
Flavor 4.32+0.49 4.3740.57 4.63+0.61 3.95+0.47 3.32+0.49 239"
Taste 4.32+0.76" 4.63+0.68° 5.16+0.95 2.84+0.50° 2.37+0.46° 12.93™
Texture 3.58+0.42 3.84+0.85 4.58+0.84 3.63%0.65 3.84+0.77 231
Overall quality 3.95+0.57% 4.68+0.95" 5.16+0.68" 3.26+0.47 2.84+0.30" 775"

MeantS.D. ™ No signification, o p<0.001.
Numberical scores were given to the acceptance levels with 1=‘dislike extremely’ and 7=‘like extremely like’.
¢ Means in a row by different superscripts are significantly different at 5% significance level by Duncan's multiple range test.
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