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Abstract: In this paper, 10 different brands of beef meatballs were selected. Firstly, 28 kinds of sensory properties were used as indexes for
quantitative descriptive analysis (QDA). Secondly, the volatile flavor compounds in 10 kinds of beef meatballs were detected by gas
chromatography-mass spectrometry (GC-MS), and the characteristic flavor components were identified by relative odor activity value (ROAV).
Finally, the relationships among sensory attributes and volatile components in commercial beef meatballs were constructed by partial least
square regression (PLSR). The results showed that the cumulative contribution rate of the first six principal components in the sensory
evaluation system of beef meatballs was 89.9%, which was higher than 85%, which could explain most of the variation information of the
sensory characteristics of beef meatballs. There were significant differences on the types and contents of volatile flavor substances in different
brands of beef meatballs. 18 volatile compounds such as diallyl sulfide and (-)-f-pinene were determined as the characteristic flavor values of
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beef meatballs. D-Limonene, (-)-4-pinene, anethole had a significantly positive correlation with the spices; trans-2-Octen-1-ol, octanal, nonanal,

trans-2-octenal were significantly correlated with the oil odor; decyl aldehyde and citral were significantly correlated with the sweet smell;

diallyl disulfide were significantly correlated with the garlic flavor; diallyl sulfide had a contribution to the onion flavor. This experiment

provided a theoretical basis for the construction of sensory quality evaluation system of beef meatballs.

Key words: beef meatballs; characteristic flavor; sensory evaluation; quantitative descriptive analysis; partial least-squares regression
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Table 1 Descriptive glossary of the sensory properties of beef meatballs
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Table 2 The load factor of sensory descriptors in each principal

component of beef meatballs
REIAR  A8id  F1 O F2 F3  F4  F5

KABE  -0.13 038 027 048 0.66
A -0.74 021 -0.06 032 03

I
% 073 011 -013 06 015
J& =078 015 041 038 -0.08
mA& k& 075 -042 026 -0.08 0.04
#A& 039 -05 03 019 033
F& 028 -028 033 066 0.12
stF&vk 081 -0.17 004 036 036
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FFH% 065 048 011 -035 -025
BA 027 004 032 -059 053
FRUR 03 087 -0.18 -0.07 -0.06
BAK 043 059 029 005 024
#bE 041 -0.15 019 -049 0.08
vk 0.64 038 006 038 -0.04
EEA 002 028 068 02 -023
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w04 -034 06 -031 -032
EAER 062 029 -022 041 -038
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%4y 012 064 066 021 -0.01
AA R 073 014 025 043 -031
mA&% 077 -002 046 0.19 028
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Table 3 Types and relative contents of volatile compounds in different beef meatballs

FLE MR eAY R S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 Atk
rE 1590 851 0.63 225 246 2251 086 421 1414 454 27
RS 050 363 1.18 243 293 187 658 025 642 1.02 34
BR & 052 088 037 575 000 005 9.6 0.07 069 0.06 15
Bk 284 000 014 000 222 1575 0.00 3591 402 7.73 5
B 1805 481 057 118 1926 3.13 6646 155 27.01 0.07 19
Bk & 0.03 28.69 75.08 2046 3126 13.88 000 1873 2529 4022 16
Bg k& 046 241 025 1402 124 224 000 032 078 034 32
BRE 0.10 000 048 035 033 000 000 000 000 013 6

HAek 168 160 005 059 250 111 08 070 094 215 19
it 40.08 5053 7875 47.03 6220 60.54 8435 61.74 7929 5626 173
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4 NEHAAAPEL MR EHIRSIE R TR ROAV
Table 4 Threshold values and corresponding ROAV of volatile flavor compounds in different beef meatballs

. tRigutil A ROAV {4
/min  /f(ug/ll)  S1 S2 S3 S4 S5 S6 S7 S8 S9 S0
EAOR 25.46 0.5 - - - - - - 001 - - -
75 S M 22.59 0.2 - - - 002 - 000 - - - -
o7 A b 24.90 0.16 - - - 001 - 000 - - 001 -
(+)-+7AEH 1356 0.045 - 010 001 026 - 002 - 027 113 -
1,3,8-%¢ H 480 = b 13.41 0.015 - - - 013 - - - - - -
(+)-a-FH 1156 0.0053 - 4.15 - 425 - 026 - 454 713 -
(-)-B-5k b 1174 0.00007 - - - 10000 - 467 - 8634 10000 -
IE B 5.18 0.153 - - - - - - 033 - - -
2-3%B% 18.46 0.08  0.02 - - - - - - - - -
IF B 11.68  0.023 - - - - - - 057 - - -
EFE 1513 0.022 - - - - - - 082 - - -
B X-2-F V-1-B% 15.02 0.02 - - - - - - 040 - - -
NIR-5-3F Hi-1-B3 1501 0.006 - - - - - - - - 041 -
At B 13.65 00035 - 8.81 - - - - - - - 018
|- H-3-B5 1199 00027 - 0.00 - - - - - - 464 -
FAEBs 1603 0.0024 4.76 - - - - - - - 1309 -
3-HHA2-TH 13.56  0.014 - - 0.05 - - - - - - -
B R 1548  0.002 - - - 036 - - - - - -
3-F 1 1210 00013 - - - - - - 10000 - - -
4,6- =T JR 10 K =By 6.47 0.3 - - - - - - - - - 0.01
TAE 2540  0.00061 - - 0.49 - - - - - 187 056
JRBE 9.18 0.26 - - - - - - 016 - 0.03 -
I B 5.89 023 002 024 - 033 - - 254 005 082 0.00
EFE 4.70 0.17 - - - - - - 084 - 002 -
+— % 16.15 0.14 - - - - - - - 0.04 - -
+ v 23.99 0.1 - - - - - - 003 - - -
K HEE 1129  0.085 - - - - - - 008 - - -
(Z)-3,7-=FA26-F_MB 2032 00088 0.12 - - - - - - - - -
(Z)-%-2-Hk 2094 00031 - - - - - 014 122 - - -
eSS 1080  0.0031 - - 033 176 - - 3023 - 638 -
B2 ik 1460 00027 - - - - - - 216 - - -
JE A 1943 0.0026 - - - - - - 219 - - -
EN: S 2090  0.0017 - - 0.11 - - - - - - -
AR 21.06  0.00015 11.83 - - - - - - - - -
B X-2-E Wl 1798  0.00009 - - - - - - 5417 - - -
X Rt AR A B 2156 0.057 - - 0.03 - - - - 014 127 0.03
WA = Ak 1145 0014 - - - - - - - 0.16 - -
B S P 5. 1531 0.0013 100.00 100.00 100.00 - - 121 - 10000 83.15 14.73
4-H R IOR T Bk 1920  0.0013 1060 - - - - - - - .
s R AR 8.48 0.001 - 516 2669 - 303 016 - 5967 19.13 991
e v R R A 440  0.0005 - - 0.55 - - - - 6.15 407 025
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k4
g RgIE AL ROAV 18
/min  /(ug/L) SI S2  S3 S4 S5 S6 87 S8 S9 Sl
e RSP oS 1579 0.000008 100.00
KT B F B 29.29 0341 001
2-F A A AR A w9 BR T B 5.15 0.18 006 - - - 0.00
6,9,12,15- =+ B vafid Fils  23.68  0.0017 0.14 032 - - - - 062
2- LBt g 13.25 0.004 028 0.02
2,3,5- = F Aotk 12.58 0.07 0.17
AT A TR 1340 0.0045 145
] = WK 8.77 0.18 0.02  0.01 - 006 002 - 000
2-THk-6-F Hotk 12.69 0.04 004 - 002
2-T3h-5-F fhoikok 12.61 0.036 0.02
3-T4-2,5 T Aok 15.16 0.024 006 - 001
2-THRHR-3,5- = F Hhoikok 1516  0.0004 0.85

20 o7 2 BRI 1) 3 S R R A AL
B Jspemy LA LAY, 7EREE ST (ROAV=4.76)
A1 S9 (ROAV=13.09) G HH; 1-EE-3-FEEE
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PR TT R, F5 R AN -2 -3 4 A LRI XU
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B2, T a-JRISEERE S S2. S4. S8 F1 SO kG I F .
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Fe2p ) 2 2 PR R SRR B AL S B 2E, ]
T P i LA R S R T, S3. S4 A1 SO Hiy
W E 69,12,15- = = ik MY M R H PR
(0.1<ROAV<1), R4 PR AL EEAR RURAT FC LT 1
B1ER .

BRPRBMERAR, SARHES, FERET
el AL AN LR Strecker [N, Ko 2= PRI IXUBE F BTk
BORPS, e IR, R-2- SIS, B
. -2-TiilE. L. CBA R ROAV H
WRTF 1, 24 AR E R . ke s S7
D) 2R A (0 S -2- 2 I R 1A IE BRI LA R
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