20

FOOD & MACHINERY

DOI:10.13652/j.spjx.1003.5788.2022.90093

H8HBEIM BE 24608 | 2022 F 4 A | RS

FRAREBEZRITERELEXKR T A E
BRI B AS N

Dynamic changes of volatile flavor components and their precursors

during low temperature cooking of beef
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Abstract: Objective: In order to explore the dynamic changes of
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volatile flavor components and their precursors during low tem-
perature cooking of beef. Methods: Beel with central temperature
of 98 C was used as control group. Nucleotides, free amino
acids, free fatty acids, total sugars and volatile flavor components
in beef with central temperature of 60, 65, 70, 75 and 80 C
were determined, and sensory evaluation was carried out.
Results: The results showed that the content of fresh flavor nu-
cleotides, equivalent fresh flavor concentration and taste activity
in the low temperature group were significantly higher than those
in the control group (P<C0.05) , and the inosinic acid content was
the highest when the central temperature of beef was 65 °C. The
total amount of free amino acids was as high as 739.01 mg/100 g.
and the content of free fatty acids in beef with central
temperature 65 ‘C was significantly higher than that in other
temperature groups ( P <C 0. 05). The total sugar content
decreased with the increase of beef central temperature, and alde-
hydes appeared in large quantities when the beef central tempera-
ture was 65~75 °C. By calculating the odor activity values of the
main flavor components, it was found that hexanal, nonanal,
heptanal, octanal, benzaldehyde, ethyl acetate, pinene and p-xy-
lene were the key volatile flavor compounds (ROAV = 1).
Sensory evaluation showed that the beef with a central tempera-
ture of 70 “C had the highest comprehensive score and rich flavor.
Conclusion: The above indexes fully show that the edible and fla-
vor quality of beef is better when the central temperature is 65~
75 C.

Keywords: beef; low temperature cooking; flavor precursor sub-

stances; volatile flavor substances
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3651.59 mg/100 g, FRHLHREEM 60 C LT3 65 C
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65 °C gk LFH. A AT IMP & & 8 # F B (P<
0.05), S bRy Hx & A8k fa 4 5 ZAH Iz, A B Ik i 2F
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Table 1 Content of nucleotides in beef at different central temperatures
WU R i R 5 H R
o aik/ i Gk
g/ , . TAV i , TAV , ! TAV
(10 2mge+g b (107? mg * ) (107 2mge+g )
60 34.7340.28° 1.38940.01" 13.934+0.14¢ 0.27940.01¢ 0.75+0.05¢ 0.06040.01¢
65 42.6940.412 1.708+0.01* 13.26+0.08¢ 0.26540.01¢ 0.4740.074 0.038+0.01¢
70 25.7040.15¢ 1.028+0.01¢ 11.53+0.28¢ 0.23140.01¢ 0.2540.064 0.02040.014
75 18.81£0.084 0.75240.01¢ 16.83+0.09" 0.33740.01° 1.8940.02¢ 0.15140.01%
80 21.61£0.11¢ 0.86440.01¢ 19.10+0.15% 0.38240.01* 2.00+0.18* 0.16040.01*
98 19.5740.154 0.783+0.014 12.1140.17¢ 0.24240.01¢ 1.214+0.03" 0.09740.01"
JiINER U B BRI 517k EUC
EPIE\%J-‘E-‘.IL /»\E./ /\\E/ /\\E/
JiE/C e TAV oo TAV oo TAV

(1072 mge-g 1)

(1072mge+g b

(102mge+g H

60 23.28+0.41° — 74.28+1.16° - 3351.35+35.40> 111.712+1.18"
65 31.194+0.26° - 65.0042.14¢ - 3 651.59£45.50* 121.720+1.52*
70 29.5240.18% - 73.60+0.19° - 2 253.77£26.14°  75.1264+0.87°
75 19.1540.35¢ - 73.25+3.05° - 1902.31£7.91¢ 62.079£0.26¢
80 21.214+0.17¢ - 77.3542.07¢ - 1 966.36£35.56¢  65.54541.19¢
98 20.680.22¢ - 75.1241.11¢ - 1550.73+£15.26¢  51.69140.51¢

T BT BEAS ] 32 7m 22 5 1 35 (P<<0.05) s U R R R 1% T IR B 23 33 24 0.04,0.02,0.08 mg/100 g5 — A ARAIM .
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AR 0bTE W H R 12 F. FAO/WHO FLAH 8 [ B b o b 22
SRECAE L A 0.4 B 0.6 DL _E 1089998 Ak gy 22 i A s 0 75
AEMRSIE LTI L (EE R 0.53~0.61, ¥ & F
0.4, PR AS ] ro i 3 R 28 1A I 03 R 4 A A Rk A
B P BESR o A PR T SR R I v 2 I 0 IR A X B
B . S0 AR G I WA SRE 7 AR I 3T R T X A TR KL
WA B TAR Y R PO IR 60 C R SR
ik 55.74 mg/100 g, HARE 41 & & B 3 & T % B4l
(P<C0.05) , Ut W] 7 52 R 2 1K Ji 7% 7 Ik 28 82 1) i R ) B =2
— o BERRYON N5 A R R R SR B, A
Jai &M R IE TR W A SR AT AR 2- R D R L LA B A R
U SR A A SRR AE DT Y A gy L BB 60 C
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25 % TR AR X 5 f W 08 46.52 mg/100 g, H B BAK
TAV {E3 0.78~1.16., X b 75 46 7 0 4% 1R P 450 28R 0 %
i 7% 351 Y IR SRR

AP R AR M RED TOHEER. A
TEF RO AT LI AR . A AL A 60 C i, R b
G B TR W) ik 38 3K ) 25 R R 2H A B KA L B B B
BER TR & RS TR, AR B AERTE R E R E R
SEIR R B OR (R R B R HG TR T S R AT R TE A% iR
BT & e B TAV ¥R T 1 30 & iR A
HRAMBEZ T AT EERNEREARER. X555
F5 WAL B DY BRI S e R R A S I T A
LW, BRSO H TR Z [ B9 A EAE T2 25 4%
PR S I S 3 TT A 5T EUC (i, EUC R 3 4 1A 2 fif
PRI EEARAR . O O S 3 LR T
2- BRI | R 2~ 15 T3 2 UK W 5 2 R R A R A TR 9
A o B BE 47 1 KU A A 0 5 i i 2 R R
FR 1) 3 B BAR L 45 2 R 4 AL IR EE N 65~
75 °C WA A T R R 1Y A O 5 AL S 4 S K
R 5T, 80~ 98 “C N e B EHE R A A B AR LR T L I R

R2 TRAFLCEBETHFAPHBERERNAEREKEEE

Table 2 The content of free amino acids in beef at different central temperatures

‘ TR ETERN e HAR "
g i
A/ g/ g/
o [=ECN [=EES [EREEN
JE/C ) TAV TAV TAV
(10°?2mgeg (1072mgeg b (10 2mgeg b
60 37.51+1.28% 0.139+0.01* 46.52+2.35% 1.16240.06¢ 25.50+1.36% 0.851+0.05%
65 33.72+1.33P 0.129+0.01° 39.34+1.88b 0.982£0.05" 21.4040.55¢ 0.711£0.02¢
70 34.80+0.89" 0.126+£0.01" 41.83+2.01° 1.04840.05" 23.60+0.76" 0.793+0.03"
75 33.5141.14° 0.1294+0.01° 39.20+1.33b 0.965+£0.03" 22.214+0.54" 0.754+0.02"
80 31.3340.58¢ 0.120+£0.01¢ 35.9240.87¢ 0.94040.02¢ 20.31£0.71¢ 0.68140.02¢
98 31.5340.54¢ 0.11540.01¢ 34.21+1.22¢ 0.8630.03¢ 17.9540.39¢ 0.601+0.014
3 {4 260 40 30
. RINAR 55t IR SRR
s i
5 ot/ T/ T/
JE/C TAV TAV TAV
(107 2mgeg 1) (1072 mge-g 1) (107 2mgeg ")
60 37.154+0.88 0.410+0.01* 30.12+0.332 0.330£0.01% 55.74+1.38% 0.290+0.01*#
65 30.3140.74¢ 0.33540.01¢ 24.2040.42° 0.268£0.01" 42.81+1.28¢ 0.228+0.01¢
70 33.43+0.25° 0.368+£0.01" 26.84+0.38" 0.301£0.01" 49.02+0.95" 0.256+0.01"
75 30.42+0.38¢ 0.3414£0.01¢ 24.0340.44° 0.265+£0.01" 46.0040.84"¢ 0.240£0.01"%¢
80 29.4540.42< 0.3324£0.01< 23.0140.29¢ 0.2614+0.01°¢ 42,4241.04¢ 0.22140.01¢
98 27.4140.574 0.301+0.014 20.40+0.554 0.227+0.014 36.90+0.874 0.193+0.014
[BaRiE 90 90 190
. WA R wRAMR RE&AMR
EPIIL‘YEL A~ EL P = 1=}
. &/ o/ T/
JE/C TAV TAV TAV
(107 2mgeg 1) (1072 mge-g 1) (107 2mgeg 1)
60 45.62+1.45% 0.912+0.03# 68.2342.39¢ 2.27340.08* 12.51+£0.71" 0.133£0.01°
65 34.33+0.86° 0.685+0.02¢ 62.714+1.24" 2.094+0.04" 14.5440.55¢ 0.148£0.01*
70 39.17+0.76" 0.778+£0.02" 62.60+1.35" 2.092+0.05" 10.8140.69¢ 0.11440.01¢
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gk 2
. AR wRAMR RE&AMR
BTN - - -
. T/ T/ T/
JE/C TAV TAV TAV
(107 2mgeg 1) (1072 mge-g 1) (1072 mgeg 1)
75 35.2440.23¢ 0.70140.01¢ 55.104-0.86¢ 1.85740.03¢ 10.4440.84¢ 0.104+0.01¢
80 28.7340.394 0.57340.01¢ 52.2241.05¢ 1.7424-0.04¢ 10.2340.25¢ 0.10240.01¢
98 24.5640.544 0.48640.014 49.2140.974 1.6380.034 13.2240.37¢ 0.12540.01%
Rl 50 30 100
i R ATk e 225 R Rk %
EPIE\\{EI A EL A~ EL A~ EL
. &/ &/ ot/
E/C ) TAV ‘ TAV , TAV
(107 2mge+g b (1072mge+g b (107 2mge+g H
60 15.7540.66° 0.163+0.01% 25.4341.45° 0.16840.01" 2.57+0.114 0.065+0.01°
65 12.4740.23b 0.11940.01° 27.65+0.57° 0.182+0.01® 12.7240.73¢ 0.093+0.01*
70 13.8440.41 0.1380.01% 28.1341.527 0.185+0.01% 9.7240.60¢ 0.07240.01°
75 11.1340.36" 0.118%+0.01% 15.7840.624 0.10474-0.01¢ 16.374-0.25 0.03740.01<
80 10.7840.57"¢ 0.1084+0.01% 22.2340.21¢ 0.148+0.01¢ 21.80+0.71* 0.04740.01¢
98 9.5240.25¢ 0.104+0.01¢ 24.3540.38" 0.15740.01" 17.7440.89" 0.01440.01¢
5 (i 100 150 250
i 2H AR HAEmR AR
rhlE\YEl PN = PoSN=1 A~ B
. &/ &/ Ght/
E/C ) TAV ‘ TAV , TAV
(10 2mge-g b (10 2mge+g b (10 2mgeg b
60 16.6540.68° 0.815+0.03% 25.42+1.11° 0.20240.01* 23.9140.35° 0.483+0.01°
65 14.2140.32b 0.714%0.02" 23.4340.99° 0.178+0.01° 25.3240.56* 0.512+0.01%
70 15.0940.35b 0.753%0.02" 22.3140.83% 0.165+0.01° 15.3640.25" 0.30740.01°
75 10.6040.414 0.52740.02¢ 18.2140.544 0.138+0.014 16.834:0.33" 0.31740.01°
80 13.0540.22¢ 0.647+0.01¢ 20.44+0.37¢ 0.158+0.01¢ 17.7240.14° 0.3484+0.01°
98 11.8340.544 0.58540.034 20.76+0.15¢ 0.155+0.01¢ 13.75+0.38¢ 0.265+0.01¢
i 20 130 50
i AR Ti% 2 R R
r""t‘zﬁl PN =1 PoSN=1 A~ EL
. & o/ o
J/°C ) TAV ) TAV , TAV
(1072mg+g b (1072mge+g H (107?mg+g H
60 220.6243.32¢ 3.67540.06® 23.04+1.02° — 1.4440.04¢ 0.018+0.01¢
65 192.11£2.51¢ 3.17240.04¢ 22.5240.25° — 0.8140.08¢ 0.0144£0.01¢
70 204.1042.33b 3.40440.04b 14.6140.56¢ — 0.73+0.05¢ 0.00740.01¢
75 190.81+1.55¢ 3.05440.03¢ 11.7540.614 — 0.7140.02¢ 0.004+0.01¢
80 201.2742.18" 3.35240.04" 20.7340.13" — 3.24%0.01° 0.037+0.01°
98 163.41+3.01¢ 2.71840.054 15.804-0.23¢ — 15.4040.06° 0.168+0.01°
Eili 60 90
. it 2 R O W AR IE 05 75 R
O AR B
. SR e BAICE)/ BRI(NE)/ E/NE
B /C TAV (107 2mg+g b ‘ ‘
(1072 mgeg ) (10 ?2mgeg ') (10 ?mge-g 1)
60 15.1340.28¢ 0.026+0.01° 739.0142.45¢ 278.16+-1.29° 460.8541.16% 0.60+0.072
65 7.614+0.17° 0.02840.01° 651.6641.76" 226.07+£1.01¢ 425.5940.75° 0.53+0.04¢
70 5.8040.23¢ 0.017+0.01¢ 658.47+1.65" 248.69+0.86" 409.7840.79¢ 0.61+0.06°
75 5.8340.12¢ 0.024+0.01¢ 635.49+2.03¢ 230.61+1.409 404.8840.63¢ 0.57+0.02°
80 10.0240.21 0.02840.01° 603.4141.16¢ 211.17+0.61¢ 392.2440.55¢ 0.54+0.03¢
98 10.1140.15" 0.048+0.01° 547.9141.28¢ 192.96+0.674 354.9540.614 0.54+0.05¢
5 {EL 300

TP TR KR 25 5 B (P<C0.05) 5 « b s SR — AR A
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FETR 1 7 1 3k A 475 78 Uk 52 5 i v XU g IR Bk K
R o PR M KUK 1 £ B SR A R RO REE Dl 60 °C B i
BEERSERS. Y FRPOWRE TR 656~75 C
I Ji7 B 5 3 R 3% ¥ I A Ay 45 S R XU ) 5
23 ARFLEETHFATHERIBRSENTI
W 3 PR 25 A AR A SRR T 15 R B I
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Table 3 The content of fatty acids in beef at different central temperatures mg/100 g
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Table 4 Analysis results of key volatile flavor compounds in beef at different central temperatures

and corresponding ROAV

1/ AT B/ Y% ROAV

i (pg+kg ) 60°C 65°C 70°C 75°C 80°C 98°C 60°C 65°C 70°C 75°C 80°C 98°C
S 0.23 11.34 33.17 27.02 34.46 6.02 7.08 100.00 100.00 100.00 100.00 21.62 16.59
T 0.01 6.04 2,50 4.69 2.44 8.62 1.18 53.26 7.54 17.36  7.08 30.96 2.77
B 0.03 0.64 0.73 1.58 1.03 0.92 0.64 5.64 2,20 5.84 2,99 3.30 1.50
R 0.17 1.38  0.74 1.35 091 1.51 0.33 12,17 2.23 4.99 2.64 542 0.77
7 0.08 — 0.53 0.79 0.58 1.55 0.61 — 1.60  2.92 1.68 5.57 1.42
2%k 0.01 0.72 041 065 —  0.73 — 6.35 1.24 241 — 2.10  —
S -2 I T 0.01 0.41 — 0.33 0.28 — — 3.62 122 0.81 — —
2,5~ T RE R 0.20 - — — — 0.26 — — — — 0.94 —
R 2.1 0.14 6.20  6.38 9.87 10.19 2,17 0.63  54.67 19.23 36.53 29.57 7.79  1.48
2K iR % iR 0.34 — — — — 7.84 12.67 — — — — 100.00 100.00
g 0.15 0.07 — — — — — — 0.21 — — — —
+ = 0.77 0.74 — 0.79 — — 0.35 6.52 2,92 — — 0.82
XM 0.05 3.40 — — — — — 29.99 — — — —
T 0.01 0.71 1.12  0.23 3.26 1.01 — 6.26  3.38 0.85 9.46 3.63 —
D7 0.05 — 2.15  0.04 3.24 — 1.21 — 6.48 0.15 9.29 — 2.84
-1 12.00 — — — 1.19  1.54 — — — 3.45 5.53 @ —
+ 5.00 — — — 0.41 — 5.00 — — — 147  —
X - B 0.25 1.25 1.04 0.86 2.17 0.32 0.36 11.02 3.14 3.18 6.30 1.08 0.84
W 0.01 7.36  2.84 1.13 1.02 — — 64.90 8.56 4.18 2,96 — —
N-Fo5 5 10.00 — — 0.82 — — — — 2.96 — — —
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