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Fujiya HONGO and Yoshitaka KAKO: Studies on the compounds constituting
meat flavor II. On the relations between the amount of free glucides and
free amino acids existing in the various kind of meats before and after
cooking and the generation of volatile carbonyl compounds
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Table 1. Operating codition of Gas-liquid chromatography for free
glucids in meat

Apparatus: Shimazu GC-2C attached double flow controller,
FID
Conditions: Carrier gas: N2 25 mé/min

Sensitivity: 10 , Range V: 0.4
Chart speed: 5-10 mn/min

Column: Glass, ¢ : 0.4X2000mn
29% XF 1105 on Chromosorb W, 60-80 mesh
Detector temp? 200° C

Column temp: 140° C
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Table 2. Operating condition of amino acid analyzer for free amino
acids in meat

Apparatus: YANAGIMOTO Model LC-58
CONDITIONS: LINE-1 LINE-2
(basic) (acidic and neutral)

Column: 0.9% 10cm 0.9x 70cm
Stationary
phase: AMINEX A-4 AMINEX A-4
Mobil phase: 0.38N Citrate buffer 0.2N Citrate buffer

(pH: 5.28+0.01) (pH: 3.25+0.01, 4.25+0.01)
Column press: 9-10kg/cm2 24—25kg fcm?2
Temperature: 52°C 52° C
Flow rate! Buffer solution 100mé/hr.

Ninhydrin reag. 50mé/hs.
Buffer change time: 72 min.

Chart speed: 9 inch/hy.
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Fig. 1. Gas chromatographic separation Fig. 2. Gas chromatographic separation

of free glucides in fresh beef of free glucides in cooked beef
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Fig. 3. Gas chromatographic separation
of free glucides in fresh pork
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Fig. 4. Gas chromatozraphié separation
of free glucides in cooked pork
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Fig. 5. Gas chromatographic separation Fig. 6.

of free glucides in fresh chicken

breast meat

Gas chromatographic separation

of free glucides in cooked chicken
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Table 3. Free glucid content found in unheated and heated beef,

pork, chicken breast -and thigh
(m9%)

Chicken
Beef Pork —-
Breat Thigh

Unheated Heated Unheated Heated Unheated Heated Unheated Heated

Fucose trace trace trace trace trace trace trace  trace
Ribose 10.2 4.9 2.4 1.3 5.6 2.4 1.5 1.2
Arabinose 2.5 6.1 0.6 1.6 2.1 2.8 1.1 1.6
Mannose 32.1 22.6 9.1 13.3 8.2 9.9 3.0 7.8
Glucose 135.7 40.0 95.4 40.2 71.5 56.1 76.1 68.7
Inositol 5.5 trace 9.0 4.5 39.8 3.1 9.5 15.0

Total 186.0 73.6 116.5 60.9 127.2 74.3 91.2 94.3

These data were calculated on comparing the peak area of each glucid with that of

Xylose used as internal standard in this experiment.
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Table 4. Change of free glucid content from beef, pork, chicken breast
and thigh after heating for 8§ hrs.

(%)
Beef Pork Chicken
Breast Thigh
Ribose —52.0 —45.8 —57.1 —20.0
Arabinose +144.0 +166.7 +33.3 +45.5
Mannose —29.6 +46.2 +20.7 +160.0
Glucose —70.5 —57.9 —21.8 —9.8
Inositol —100.0 —80.0 —92.2 +57.9
Total ~60.4 —47.7 —~41.6 +3.4
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Table 5. Free amino acid content in unheated and heated

beef
(mg%)
Free amino acid Unheated Heated Change from
unheated sample

Lysine 19.30 17.28 —-10.6 (%)
Histidine 107.68 88.75 —17.6
Ammonia 5.04 9.84 ’ +95.2
Arginine 16.03 11.580 —28.3
Taurine 3.80 3.75 +7.1
Aspartic acid 2.40 2.40 —
Threonine 37.40 12.39 —66.9
Serine 16.19 18.50 +24.3
Glutamic acid 18.54 19.72 +6.4
Proline 5.30 6.68 +26.5
Glycine 15.76 15.46 —-1.9
Alanine 43.48 40.27 —7.4
Cystine/2 4.09 3.84 —6.1
Valine 18.98 17.81 —6.2
Methionine 14.03 12.83 —8.6
Isoleucine 20.99 20.20 —3.8
Leucine 28.86 28.33 —1.8
Tyrosine 15.83 2.86 —81.6
Phenylalnie 18.17 17.18 —B.8

Total 411.26 349.56 —15.0
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Table 6. Free amino acid content in unheated and heated pork

("9%)

Free amino acid Unheated Heated uglllz;lge% f:::nnpl e
Lysine 7.02 5.85 —-16.7 (%)
Histidine 64.70 67.03 +3.6
Ammonia 3.47 8.14 ’+ 134.6
Arginien 3.66 1.39 —62.0
Taurine 10.89 8.51 - —21.9
Aspartic acid 1.20 1.06 -11.7
Threonine 35.02 3.57 —89.8
Serine 14,19 3.99 —71.9
Glutamic acid 2.65 .59 +110.9
Proline 12.01 6.68 —44.4
Glycine 18.92 18.17 —4.0
Alanine ‘ 27.583 28.51 +3.6
Cystine/2 2.89 2.40 -17.0
Valine 5.97 4.69 —~21.8
Methionne 3.89 4.18 +-16.8
Isoleucine 3.94 3.15 ~20.1
Leucine 5.12 4.46 -12.9
Tyrosion 3.06 2.86 —~6.5
Phenylalanine . 2.48 2.31 —6.9

Total 228.30 182.54 —20.1
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Table 7. Free amino acid content in unheated and heated chicken

breast meat

(mg%)

Free amino acid

Lysine
Histidine
Amionia
Arginine
Taurine
Aspartic acid
Threonine
Serine
Glutamic acid
Proline
Glycine
Alanine
Cystine/2
Valine
Methionine
Isoleucine
Leucine
Tyrosine
Phenylalanine
Total »

Change from

Unheated Heated unheated sample
16.67 36.26 +117.5 (%)
88.44 104.27 +17.9

5.42 10.15 +87.3
14.63 18.81 +28.6
3.00 2.75 —8.3
13.04 17.30 +32.7
25.02 15.96 —36.2
22.91 26.91 +17.5
21.78 27.95 +28.3
10.36 9.67 —6.7
12.31 17.87 +45.2
20.13 24.23 +20.4
1.20 1.20 —
11.72 14.99 +27.9
9.85 13.13 +33.3
10.23 13.91 +36.0
16.83 20.99 +27.0
12.25 17.56 +43.3
9.25 11.89 +28.5
324.74 405.80 +25.0
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Table 8. Free amino acid content in unheated and heated chicken

thigh meat
(mg%)
~ Free amino acid Unheated Heated ugl'}xl::t%% fs?nr?ple

Lysine 7.02 9.65 +37.5 (%)
Histidine 12.41 15.21 +22.6
Ammonia 3.41 8.45 +147.8
Arginine 6.97 8.71 +25.0
Taurine 41.05 47.06 +14.6
Aspartic acid 17.57 22.36 +-27.3
Threonine 36.97 9.08 —74.9
Serine 14.29 21.44 +50.0
Glutamic acid 9.71 11.18 +15.1
~ Proline 12.89 5.99 —53.5
Glycine 10.66 12.16 +14.1
Alanine 17.64 21. 03 +19.2
Cystine/ 2 1.20 — -
Valine 4.92 6.09 +23.8
Methionine 4.49 5.67 +26.6
Isoleucine 3.41 4.72 +38.4
Leucine 5.77 8.13 +40.9
Tyrosine 4.49 6.94 +54.6
Phenylalanine 3.96 5.62 +41.9
Total 217.82 229.46 +5.3
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Summary

Changes in relative amounts before and after cooking of free glucides and free
amino acids existing in the meats of beef, pork, chicken breast and thigh meat treated
under the same conditions after slaughter and considered to constitute basic portions of
the precursor of flavor due to cooking were studied and the relation to the formation of
volatile carbonyl compounds was pursued.

Free glucides were determined, in accordance with the method of Tamura et al., by
the trifluoroacetic acid derivative process and in applying gas chromatography, while free
amino acids were analyzed by means of an automatic amino acid analyzer.

As free glucides existing before and after cooking, fucose, ribose, arabinose, mannose,
glucose and inositol were detected in all the meats.

The total amount of free glucides existing in raw meats was largest in beef followed
by chicken breast muscle, pork and chicken thigh meat in this order, with beef being
high in the content of glucose, mannose and ribose, while chicken, both breast and thigh
meat, contained more inositol in comparison with beef and pork. On the other hand, in
each meat the glucose content showed the highest value, indicating along with mannose
a trend of higher values in larger animals, while a marked decrease in glucose and ribose
due to cooking was observed.

As a result of measurement of free amino acids existing before and after cooking
their total amount in raw meats was largest in beef followed chicken breast meat, pork
and chicken thigh meat in this order. Further, histidine, alanine and threonine, etc. were
larger in quantity in any meats, while aspartic acid and cystine, etc. were existing in a
relatively low content.

Most amino acids existing in beef and pork were found to decrease by cooking and
especially the decrease of threonine and tyrosine was conspicuous in beef and that of
threonine and serine in pork. On the other hand, in chicken, except a decrease observed
in proline and tyrosine, most amino acids were found to increase.

From the abovementioned it is considered that glucose and ribose in beef and pork
being relatively high in content in raw meats and large in loss due to cooking are con-
tributing greatly to the formation of basic flavor following aminocarbonyl reaction. On
the other hand, in chicken, glucose was found to be low in content and loss due to cooking,
most amino acids increased due to cooking and further the existence of certain carbonyl
compounds with a high boiling point could be assumed, from which it is considered that
the influence originating from fat is great on the generation of carbonyl compounds.




