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Analysis of flavor quality of red cheese by solid phase microextraction
arrow-gas chromatography-mass spectrometry combined with intelligent
electronic sensory techniques
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ABSTRACT: Objective To deeply analyze the sensory quality of flavor during the ripening process of red cheese

through various methods for measuring food flavor quality. Methods The volatile flavor compounds and sensory

quality of red cheese at different ripening periods were analyzed by solid phase microextraction arrow-gas
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chromatography-mass spectrometry (SPME arrow-GC-MS), electronic nose, electronic tongue, and quantitative
descriptive analysis (QDA). Results The results showed that there were differences in the flavor profiles of red
cheeses at different ripening periods. A total of 85 kinds of volatile flavor compounds were identified in red cheese
by GC-MS. The total content of acids, alcohols, aldehydes, and ketones first increased and then decreased, while the
total content of esters continued to increase. Combined with the relative odor activity value (ROAV) analysis, 28
kinds of characteristic volatile flavor compounds were identified. QDA yielded that yogurt flavor, wine flavor, and
sour flavor would enhance significantly (P<0.05) during cheese ripening. In addition, electronic tongue analysis
demonstrated significant differences in sourness and bitter aftertaste among red cheeses at different ripening periods
(P<0.05). Conclusion This study analyzes and compares the sensory quality of flavor during the ripening process
of red cheese from multiple perspectives by combining various methods for measuring food flavor quality. This study
not only improves the understanding of the sensory qualities of red cheese but also provides a reference for the
development, quality control, and flavor improvement of novel fermented dairy products.
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Table 1 Sensory evaluation descriptors and corresponding
standards of red cheese
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Fig.1 Radar map of red cheese at different ripening time detected by
electronic nose
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Fig.2 Statistical chart of total volatile compounds in red cheese at
different ripening time
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Table 2 Aroma thresholds and ROAYV of volatile flavor compounds in red cheese at different ripening times

. ] ROAV
=) N : AR/ /k [30-32]
Fe &2 B E/(ng/kg) 0d 30d 50 d 50 d
1 N7 30 1.51x10" 3.18x10"! 7.24x107 2.61x1072
2 ST 5 - 8.07x1072 - 6.66x107
3 T 50 1.81x107° 1.86x10° 4.23x10™ 1.82x10™
4 IR 24 2.20%107 2.72x1072 2.90x1072 1.10x1072
5 O R 2.9 1.38x10° 6.35x10" 8.13x10° 3.87x10°
6 SR 0.33 5.89%10° - - -
7 PER 22 - 7.51x1072 3.50x107 1.62x10°2
8 R 0.065 1.00x10? 1.42x10° 2.16x10? 1.05x10?
9 T 3000 - 1.77x107* 8.31x10° 3.98x10°
10 2-FSLT IR 100 - - 1.26x10° -
11 IR 5 3.58x10" 4.53x10° 1.35x10° 6.72x10"
12 9-Z8IF TR 4300 - 9.56x10° 9.29x10° 4.82x10°
13 +— 100 - - 3.64x107 -
14 IR T 600 - 7.34x107 2.31x107 1.43x107
15 TR TR 0.017 - 1.00x10? 1.00x10? 1.00x10?
16 TR 18 - - 9.54x1072 -
17 LRSI 15 - 2.57x1072 4.55x107 -
18 TR 2. TR 15 - 2.94x107 4.46x107 4.85x1073
19 TR TR 100 - 1.27x107° 5.12x107 1.15x10°*
20 % % P ik 10 - 4.47x10? - -
21 CL PR . Tg 40 - 1.65x10™" 1.35x107" 6.19x102
22 TR S B 15 - 2.79x1072 3.39x1072 4.59x10°°
23 5T RS R 87 - - 4.47x10° -
24 B H g 4 - 5.12x107° - -
25 R N TR - - - - -
26 PR TR 18 - 1.23x1072 1.42x1072 1.39x10°2
27 ENA] - - - - -
28 CER 5 T B - - - - -
29 SRR SR 460 - - 1.71x107* 3.10x10™"
30 1% F iR 200 - 5.23x107 - -
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=28
. i ROAV
= I {1/ /k [30-32]

Fe &M B A/ (pg/kg) 0d 30d 50d 50d
31 cL R T TR 700 - 9.73x10° 5.45x10° 2.53x10°
32 o R 5 R 320 - 1.81x107° 1.83x10°° 3.88x10™*
33 1R LT 2 8.46x1072 2.82x10° 2.42x10° 2.08x10°
34 T-1i2 H fig 40 - 1.99x10* - -

35 T-2 . TR 9 1.77x1073 1.20x1072 1.77x10°2 1.99x10°2
36 IE=ER 5 T HR - - - -

37 BER-3-H T iR - - - -

38 2 1 1 i 43 - 7.50%x1072 3.42x107 1.05x107
39 IR TR 1.2 - 2.38x10° 2.04x10° 2.19x10°
40 1EF 1R 5 3R 70 - 1.21x107° 4.10x107° 2.61x107*
41 W TR 0.6 - 3.99x1072 2.30x1072 1.60x102
42 3RO R 2 45 - 3.23x10°* 2.12x107* 1.70x107*
43 9-ZE M 1% £ Wi - - - -

44 Z BB 3200 - 3.02x10 ! - -

45 +— kR 2 Fig 0.3 - 7.96x1072 8.33x107? 1.19x10°"
46 2R T IR - - - -

47 PV YA 3.3 - 2.70x107 1.71x10°° 9.32x10°*
438 H R F i 1.5 - 2.13x10 > . B

49 IR 2 Tk 6.7 - 1.38x10" 431x107° 4.56x10*
50 + B2k 2 - 1.81x10" 6.92x10" 1.07x10"
51 2515 5 I ig 50000 - 4.71x10" 3.21x10" 1.18x10"
52 TR 3760 - 2.37x10" 6.65x10" -

53 IR 250 - - - 420410
54 T =M TR - - -

55 TR LR - -

56 + Uz 2 iR 500 - 1.28x107* 7.76x10° 1.23x10°*
57 + TR 2.1 - - - - -

58 ERtH PR £ 1R 10000 - 2.10x10° 7.40%x10° 9.22x10°
59 S]] 40 - 1.31x107° 8.10x10™* 7.59x10°
60 2,3-T i 0.3 2.51x10° - - -

61 2-B il 1 2.71x10" 6.59x1072 4.05x10" 1.53x10"!
62 2-F i 5 - - 2.70x10°7° 7.55%x107*
63 3-FHE-2- TR 14 2.26x10" 7.97x107 - -

64 2~ filil 100 1.68x107 - 5.01x107° 1.51x107
65 2-Z4 3 - - 1.04x107° -

66 2-—tli 7 - 1.46x107° 8.15x107° 4.45x107
67 S 5.4 - 6.07x107 - .

68 T 0.94 2.17x10" 9.83x107° 8.52x107° 5.30x10°°
69 B 8 1.99x10™* - - B

70 7 H i 0.1 - - 8.65x10° -

71 i 170 7.95x10° 3.22x10™" 1.55x10™" 1.20x107"
72 S 4 - 6.24x107" 1.23x107 1.67x10°
73 Q- 10 - 7.75x107* 1.01x107* 5.60x10°
74 SN EE 250 1.88x10° - - -

75 BTE 200 - 3.58x107° 3.42x107* 8.02x10°
76 i 10 7.16x10° - - -

77 P 54 2.31x10° - - -

78 2-F-fE 58 - 3.54x1072 6.13x107° 4.30x107°
79 S 5 3.54x10° - - -

80 2,3- T % 20000 4.16x107 4.73x107* - 3.62x10°
81 2-+ 41 - - - 3.91x10°
82 S P i 270 5.29%x10°* - - -

83 2 0.35 - 2.70x107* 1.12x107* 1.87x10°
84 2-Z KO EE 100 2.60%x10° 1.72x10°° 3.45x107* 6.67x10°
85 W2 600 1.89x107* 6.99x1072 1.96x10" 3.28x1072
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