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Abstract:  Objective The effect of a moderate addition of oxidation sheep bone oil on the volatile flavor compounds in

thermal reactive mutton flavor seasoning were investigated in order to provide a scientific basis for improving the flavor of the high
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quality mutton flavor seasoning. Method Samples of oxidized sheep bone oil indicating peroxide value, acid value and p-anisidine
value were prepared by the control oxidization technology. Influences of sheep bone oil on the volatile flavor compounds in thermal
reactive mutton flavor seasoning were discussed. An electronic nose was used to analyze the three thermal reactive mutton flavor
seasoning, including without adding sheep bone oil, adding non-oxidized sheep bone oil and adding moderate oxidized sheep bone
oil. With the discrimination index of the PCA about the three mutton flavor seasonings as response value, the effects of sheep bone
oil on mutton flavor seasonings were studied. The volatile flavor compounds in three systems were analyzed by solid phase
micro-extraction (SPME) combined with gas chromatography mass spectrometry (GC-MS), and a parameter named “relative odor
activity value (ROAV)”was applied in evaluating the contributions to global odor perception of three systems. The characteristic
volatile flavor compounds of mutton flavor seasoning added with oxidized sheep bone oil were identified by cluster analysis (CA)
method. Result The electronic nose responded differently to the flavor of different mutton flavor seasonings. The discrimination
index of adding non-oxidized sheep bone oil and without adding sheep bone oil was 0.589. The discrimination index of adding
oxidized sheep bone oil and without adding sheep bone oil was 0.917. The discrimination index of adding non-oxidized sheep bone
oil and adding oxidized sheep bone oil was 0.787. A total of 42, 63 and 61 kinds of volatile flavor compounds were identified in the
three thermal reactive mutton flavor seasonings, including without adding sheep bone oil, adding non-oxidized sheep bone oil and
adding moderate oxidized sheep bone oil. Among these compounds, the predominant ones were aldehydes and hydrocarbons. The
relative contents of S, N-containing heterocyclic compounds were not significantly different. Adding sheep bone oil resulted in a
significant decrease in hydrocarbons relative contents but a significant increase in aldehydes. CA showed that octanal, nonanal,
capraldehyde, (E, E)-2,4-decadienal, tetradecanal, heptaldehyde, (E)-2-nonenal, dodecanal, 1-octen-3-ol, heptanol, (E, E)-2,4-
nonadienal were the key volatile flavor compounds of the mutton flavor seasonings. It could be known that the key volatile flavor
compounds have more fat ordor with less sweet/green, burnt, and citrus smell. The 11 key volatile flavor compounds could be
classified into 3 clusters. After adding oxidized sheep bone oil, the relative odor activity value of (E, E)-2,4-decadienal and
(E)-2-nonenal increased, on the contrary, the relative odor activity value of capraldehyde decreased. The relative odor activity value
of (E, E)-2,4-decadienal, (E)-2-nonenal and capraldehyde were not significantly different between adding non-oxidized sheep bone
oil and without adding sheep bone oil. Conclusion After adding oxidized sheep bone oil, the kinds of the volatile flavor compounds
were increased, (E, E)-2,4-decadienal and (E)-2-nonenal were the important characteristic volatile flavor compounds for improving
the mutton flavor seasoning.

Key words: sheep bone oil; oxidation; mutton flavor seasoning; volatile flavor compounds
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1

Table 1 Kinds of volatile flavor compounds in mutton flavor seasoning

Volatile flavor compounds

Without adding sheep bone oil

Adding non-oxidized sheep bone oil

Adding oxidized sheep bone oil

Kinds  Relative content (%) Relative content (%) Kinds Relative content (%)

Aldehydes 9 8.17+0.68" 19 24.73+1.52° 17 20.94+1.25°

Ketones 2 1.72+0.46" 4 1.60+0.30° 3 0.83%0.16

Hydroxybenzenes 2 2.73+£0.48" N.D. 1 0.67+0.23°

Alcohols 3 0.29+0.12° 13 6.79+0.42% 10 7.19£0.78%

Esters 1 0.26£0.12° 2 0.774016° 4 2.7540.48°

Acids 2 3.09+0.70" 4 0.88+0.18° 4 2.00+0.26°

Acthers N.D. - 1 0.42+0.22% 1 0.04+0.01°

Furans N.D. - N.D. - 2 0.68+0.06
Hydrocarbons 19 30.1243.36" 17 16.594.09° 17 13.42+3.53°
4 53.62+2.44° 3 48.22+1.96° 2 51.48+1.78"

S, N-containing heterocyclic compounds

Total 42 100 63 100 61 100
N.D. Not detected P 0.05
N.D.: Not detected. Different letter indicate significant difference at P 0.05
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2

Table 2 Composition and relative odor activity value in volatile flavor compounds in mutton flavor seasoning

[16]

No. Compounds Odor Without adding sheep bone oil Adding non-oxidized sheep bone oil Adding oxidized sheep bone oil
threshold
ug‘kg'1 Relative Relative content ROAV Relative ROAV
content (%) ROAV (%) content (%)
1 Furfural 3000 133034  <0.01 1.02+0.16° <0.01 0.92+0.20*  <0.01
2 Benzaldehyde 350 1.36+0.11° 0.08+0.02% 1.67+0.03° 0.02+0.00®  1.33+0.04°  0.02+0.00°
3 Octanal 0.7 0.81+0.16°  23.62+0.24" 2.83+0.21° 14.65+0.10°  2.54+0.47°  16.13+0.08®
4 Nonanal 1 1.28£027°  26.12+0.21° 9.06+0.69" 32.8340.18"  4.56+0.86°  20.27+0.01€
5 Capraldehyde 0.1 0.49+0.10°  100+0.00* 2.76+0.23" 100+0.00* 0.42+0.02°  18.67+2.58"
6 , 24- 0.07 0.07+0.01°  20.41+0.00° 0.41+0.03" 21.2246.505  1.1340.21°  71.75+0.06"
(E, E)-2,4-Decadienal
7 Tetradecanal 14 1.03+0.27° 1.5+0.05" 0.51+0.11° 0.13+0.02®  0.31+0.14°  0.1+0.03%
8 Heptaldehyde 3 N.D. 0.87+0.10° 1.05+0.03%  1.43+024*  2.12+0.04"
9 2- (E)-2-Nonenal 3 N.D. 0.18+0.03" 0.22+0.05®  0.52+0.08"  0.77+0.05"
10 2- (E)-2-Nonenal 0.08 N.D. 0.30+0.04° 13.59+0.48%  1.80+0.34°  100+0.00"
11 Cinnamaldehyde N.D. 0.07+0.02° 0.19+0.05"
12 Undecenal 5 N.D. 0.94+0.17 0.68+0.07 N.D.
13 2- 2-Undecenal N.D. 0.61+0.04° 2.56+0.06°
14 Dodecanal 2 N.D. 0.67+0.17* 1.214021%  0.29+0.07°  0.64+0.04°
15 Pentadecanal N.D. 1.224+0.22 N.D.
16 2- (Z)-2-Heptenal N.D. N.D. 0.05+0.01
17 -6- (Z)-6-Nonenal N.D. N.D. 0.03+0.00
18 . 24- 0.09 N.D. N.D. 0.03+0.01 1.48+0.04
(E, E)-2,4-Nonadienal
19 Octanol 110 0.22+0.16° 0.04+0.02° 1.54+0.48° 0.05+0.01®  2.9040.25"  0.12+0.01*
20 Linalool 6 0.04+0.01 0.14+0.08 N.D. N.D.
21 Nonanol 50 0.03+0.00" 0.01+0.00" 0.30+0.17° 0.02+0.01*  0.17+0.13®  0.02+0.01*
22 Heptanol 3 N.D. 0.46+0.11° 0.56£0.18%  1.60£0.31*°  2.37+0.01*
23 1-  -3-  1-Octen-3-ol 1 N.D. 0.1240.01° 0.43+0.02°%  0.25+0.06" 1.11+0.04"
24 2- 2-Ethyl-1-hexanol 270000 N.D. 0.06+0.02 <0.01 N.D.
25 Dodecanol N.D. 0.62+0.12% 0.46+0.08"
26 Octanoic Acid 3000 0.86+0.36"  <0.01 0.36+0.14° <0.01 0.98+0.26"  <0.01
27 Decanoic acid 100000 2234034  <0.01 0.18+0. 06" <0.01 N.D.
28 Hexanoic acid 3000 N.D. 0.13+0.02° <0.01 0.32+0.04*  <0.01
29 n-Hexadecanoic acid 10000 N.D. 0.21+0.04 <0.01 N.D.
30 Heptanoic acid 3000 N.D. N.D. 0.55+0.04 <0.01
31 Caryophyllene 64 0.28+0.04 0.09+0.03 N.D. N.D.
32 2- 2-Pentyl-furan 6 N.D. N.D. 0.23+0.03 0.17+0.01
33 2- 2-Heptyl-furan N.D. N.D. 0.45+0.04
34 4 50 p- 10800 50.88+2.88" 0.1£0.03* 45.342.12° 0.02+0.00®  50.15+1.56"  0.02+0.00°
4-Methyl-5-thiazoleethanol
N.D. P 0.5

N.D.: Not detected. N.D.: Not detected. Different letter indicate significant difference at P 0.05
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3 ROAV=1

Table 3 Area of characteristic volatile flavor compounds in mutton flavor seasoning (ROAV=1)

Characteristic volatile Aroma description Without adding sheep bone oil Adding non-oxidized sheep bone oil Adding oxidized sheep bone oil
flavor compounds ROAV ROAV ROAV
Peak area Peak area Peak area
(x10%) (x10% (x10%
(20 23.6240.24%  4.17+021°  14.65+0.10° 17.64+2.12° 16.13£0.08%  18.94+2.11°
Octanal Fatty, green, honey
sl 26.12£021%  6.53:1.24°  32.83+0.18% 56.43+1.50° 20.27+0.01¢  33.97+2.31°
Nonanal Fatty, green
el 1000.00* 2.49+0.35°  100+0.00" 17.17+£0.99* 18.67+2.58%  3.13+1.06°
Capraldehyde Sweet
, 24 (6] 20.41£0.00°  0.34+0.06°  21.22+6.50° 2.54+0.86" 71.754£0.06%  8.41%1.20°
(E, E)-2,4-Decadienal Oily
Hel - 540,054 5.20+1.37° 0.13+0.02° 3.16+0.93° 0.120.03" 2.32+0.74°
Tetradecanal Fatty, dairy, cream, fishy
sl 1.05+0.03% 5.42+1.33° 2.1240.04%  10.63+0.59
Heptaldehyde Green, burnt
-2- ) 13.59+0.48° 1.89+0.24"  100+0.00" 13.39+1.78*
(E)-2-Nonenal Fatty, oily
21 1.21x0.21% 4.1740.70° 0.64+0.04®  2.19+0.09"
Dodecanal Soap, citrus
- -3- 1201 0.43+0.02° 0.73+0.13° 1.11£0.04%  1.87+0.14°
1-Octen-3-ol Mushroom
(201 0.56+0.18" 2.85+0.75° 2.3740.01*  11.90£1.06*
Heptanol Fatty, winey, woody
, 24 (6] 1.48+0.04 0.25+0.07
(E, E)-2,4-Nonadienal Fragrant fried fat
P 0.05

Some volatile flavor compounds was not analyzed because of no available odor threshold. N.D.: Not detected. Different letter indicate significant difference at
P 0.05
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Fig. 2 Clustering results of characteristic volatile flavor compounds
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