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Analysis of the influences of different cooking methods on the flavor of
rushan by gas chromatography-mass spectrometry/olfactometry

CHEN Ke-Huan, YANG Shu-Ting, GUO Ran, ZHAO Xin-Yue, LI Jia-Ni,
DUAN You-Qin, DAO Xiao-Fang, CHEN Juan®

(College of Pharmacy and Food, Southwest Minzu University, Chengdu 610225, China)

ABSTRACT: Objective To investigate the effects of different cooking methods on the volatile flavor of rushan.
Methods Raw rushan was processed by 3 kinds of cooking methods, including microwave irradiation, deep-frying,
and pan-roasting, and analyzed by gas chromatography-mass spectrometry/olfactometry (GC-MS/O) combined with

sensory evaluation. Results The content of acids and esters in rushan treated with microwave irradiation increased
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significantly increased. Compounds including butyric acid, hexanoic acid and ethyl hexanoate exhibited high odor

activity values (OAV) and flavor dilution factors (FD), which were identified as the odor-active compounds in

microwaved rushan, contributing to enhanced sour and fruity notes. In deep-fried rushan, compounds such as

cis-2,4-decadienal were generated via processes like the Maillard reaction, with high OAV and FD factors; sensory

evaluation indicated prominent oily and roasted notes. For pan-roasted rushan, compounds including

trans-2-dodecenal and 2-heptanol showed high OAV and FD factors, imparting increased oily and wine-like aromas

to the product. Conclusion Sensory attributes and volatile flavors of rushan were altered by different cooking

methods. The findings provide a reference for consumers to select preferred cooking methods, and also lay a

theoretical foundation for the further processing of rushan and the development of ready-to-eat rushan products.

KEY WORDS: rushan; cooking method; flavor; gas chromatography-mass spectrometry/olfactometry; sensory evaluation
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Table 1 Sensory evaluation table of the odor of Rushan after
different cooking methods
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Table 2 Content and OAYV values of volatile compounds in rushan with different processing methods
T —_ —CL) _ L\ S—
A FUE JR TR hKE HikE (ng/kg) JEBR Gk WhKE RIS
2- i 1120 1181  1.38+0.03 1.10+0.03 1.44+0.04 1.52£0.05  0.1400 10 8 10 11
2-F-fifd 1393 1372 0.64+0.02 0.59+0.04 0.53+0.07 0.86£0.01  0.0041 157 143 130 211
e 2-+—id 1653 1579  1.67+0.10 1.84+0.12 1.21+0.09 1.78+£0.18  0.0055 304 335 220 323
(7 ;;) 2-F = 2095 2029  0.79+0.04 2.80+0.33 ND 2.79+0.12 - - - 0 -
2-1Fif 1885 1818  2.28+0.14 1.14+0.08 0.36+0.00 0.84:+0.03 - - - - -
E2 i) 2317 2311 ND ND 0.85+0.04 ND 35.0000 0 0 <1 0
HHMEEAEA 1662 - 0.19+0.00 ND ND ND - - 0 0 0
TR 945 1048  6.33+0.50 7.96+0.01 7.48+2.83 13414321 0.0009 7037 8843 8309 14901
THR-2-1% e 1158 1214  0.15£0.05 0.83+0.22 ND 0.43+0.04  0.0440 3 19 0 10
CIR R 1185 1244  2537+054  29.71+0.19  19.76+1.69 30.12£6.87  0.0050 5074 5942 3952 6024
CLR TN TR 1299 1339  0.18+0.04 0.40:£0.09 ND ND - - - 0 0
PR 2Tk 1320 1341 0.11£0.02 0.15+0.05 0.11£0.02 ND 0.0019 60 78 60 0
2-HRETHCEER 1410 1418 0.91x0.14 ND 2.56+0.47 ND 0.0320 28 0 80 0
FIR B 1450 1422 21.24+1.00  34.1144.05  20.66+6.36  30.99+14.15 0.0193 1100 1767 1070 1605
BT 1577 1526 0.38+0.08 0.53+0.27 0.38+0.17 0.66£026 03770 <1 1 1 2
3-BESLCL R TR 1640 - 0.12+0.02 0.39:+0.66 0.25+0.04 0.32+0.48 - - - - -
cERCER 1666 1621  0.15£0.02 0.30:£0.02 ND 0.23+0.04 64000 <I <1 <1 0
BRI IR 1691 1615  0.57+0.12 2.25+0.48 1.54+0.37 1.4240.30 - - - - -
BEWR LT 1697 1615 50.80+13.00 90.40+23.05 51.73+12.01  785+21.82  0.0050 10160 18079 10347 15699
LIE9BXIGIRIE 1754 1675 6.15£2.09 11.64+4.24  5.84+2.20 9.1743.25 - - - - -
I2-N R THRER 1775 - 0.81+0.21 2.06+0.48 0.99+0.22 1.21+0.32 - - - - -
LSRN 1791 1725  0.36£0.06 0.73+0.13 0.29+0.05 0.67+0.11 - - - - -
L2-N BT RREE 1816 - 0.29+0.07 0.69+0.21 0.43+0.12 0.410.11 - - - - -
12-N =T
oy 1855 - 0.15+0.02 0.47+0.12 0.18+0.04 0.24+0.07 - - - - -
RR LTSNS 1878 - 0.82:023  1.78£0.61  0.71x0.19 0.90+0.24 - - ] - -
GSF) "I =mzmE 2002 1943 042:008 076033 ND 0.4020.15 } } - e
T—M R 2076 - 0.35+0.06 ND ND ND 0.0003 1182 0 0 0
WEERSENE 2117 2041 0.41£0.05 0.89+0.15 0.40+0.07 0.48+0.08 - - - - -
9O-TIUEIR R 2155 - 8.22+0.79 4.79+0.53 2.20+0.19 3.39+0.51 - - - - -
T HR R 2217 2179 2.27+0.40 1.54+0.64 0.66+0.21 1.03+0.43 - - - - -
FEARER 2 Big 2315 2261  11.64£1.90  13.80£2.01  5.59+1.17 10.54£3.11  2.0000 6 7 3 5
AR W —FFlE 2347 2303 0.30£0.03 0.39+0.05 ND 0.40+0.03 - - - 0 -
IECHR 3% 1413 - ND 3.42+0.56 ND 2.78+0.38 - 0 - 0 -
SFERN R 1558 1526 ND 0.29+0.02 0.12+0.00 0.31+0.03 - 0 - - -
FR-1-ZHENEE 1655 - ND 2.62+0.02 1.46+0.21 1.4140.22 - 0 - - -
FRERR I g 2004 1927 ND 0.50+0.05 ND ND - 0 - 0 0
ALY 2076 2055 ND 0.72+0.21 10.96+3.51 ND 4.0000 0 <1 3 0
15-HILKIROHEE 2185 - ND 0.79+0.30 ND ND - 0 - 0 0
AR = 2% 1720 1672 ND ND 0.63+0.05 ND - 0 0 - 0
+ - 1-H 3k
S 1914 1845 ND ND 0.64+0.04 ND - 0 0 - 0
9-ZGIR TR 1746 - ND ND ND 0.19+0.03 - 0 -
TR H g 2398 - ND ND ND 7.89+2.01 - -
[i7ES []4d 1583 1534 0.19+0.02 0.13+0.01 0.13+0.01 0.28+0.05  2.1900 <1 <1 <1 <
(24 i) TR 1676 1624  158.32+30.89 162.14+£29.88 145.49+12.67 200.43+31.77 24000 66 68 61 84
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=28
T e — LG L S—
TRME B IS sk THiFE Tk (ng/kg) Bk B WE BURE
N 1474 - 8.09+1.68 5.92+0.89 3.94+0.50 7.89+0.10 - - - - -
IR 1807 1733 2.73x0.35 2.14+0.05 1.83+0.08 2.98+0.41 17.0000 <1 <1 <1 <1
CR 1920 1839  194.16+23.47 247.79+41.79 183.12428.79 246.32+£33.45 0.8900 218 278 206 277
BRER 2028 1946  3.81%0.09 5.37+1.01 3.19+0.67 5.42+0.89 0.6400 6 8 5 8
FIR 2134 2068 242.94+20.89 283.79+19.66 247.91+21.57 303.31£29.93 3.0000 81 95 83 101
T 2230 2165  8.52+1.76 7.81+0.98 4.66+0.65 7.62+1.22 4.6000 2 2 1 2
B4R 2328 2270  294.80+5.54 309.20+67.90 222.30+26.65 292.56+26.65 10.0000 29 31 2 29
9-5% 7R 2377 2357 81.94+20.88 81.90+23.44 53.92+1034  76.28+16.66 43000 19 19 13 18
TR 2414 2398  1827+1.34  2555+4.34  13.71£1.79 17.3245.98  10.0000 2 3 1 2
HEERR 2503 2475 136.79+36.88 153.05+45.67 129.68+20.84 116.83+23.56 10.0000 14 15 13 12
10-—4ifiR 2551 - 4.39+1.89 239+1.21 ND 3.85+1.64 23000 2 1 0 2
+=m 2585 2651 1324021 1.37+0.30 0.69+0.27 1.18+0.13 10.0000 <1 <1 <1 <1
8-H TR 2627 - 1.77+0.16 1.68+0.15 0.80+0.14 1.59+0.28 0.6600 3 3 1
R 5 R 2666 2708  80.80+29.10 86.09+29.19  53.86+18.74  81.90+26.01  10.0000 8 9 5
E-11-TWUI&EmR - 2700 - 18.85£1.65  20.03+3.78 ND 14.56+1.60 - - - 0 -
T HR 2743 2809  5.77+0.92 5.68+0.89 0.86+0.18 5.02+0.79 100000 <1 <1 <1 <1
R 2829 2940  2228+391  2497+3.11  8.88+0.67 27244361 10.0000 2 2 <1 3
FEAEIhER 2862 2960  4.27+0.67 6.32+0.71 ND 5.33+2.00 11.0000 <1  <I1 0 <1
TR 3111 3184 3.10£0.52 4.22+0.34 1.32+0.13 2.87+0.31 1.5000 2 3 <1
3-FELR 1732 1762 0.16£0.00 ND ND ND 0.0460 3 0 0
J-5-+ZhMEER - 2550 - ND 4.9242.28 2.49+1.30 ND - 0 - -
Ni-9-+750Me - 2861 2950 ND ND 1.92+0.30 ND - 0 0 -
JL-2-SE I 1702 1648  0.29+0.03 ND 2.04+0.16 2.82+0.17 0.0170 0 0 120 166
- R-2-T2HEEE 1822 1835 0.33+0.08 0.55+0.29 ND 1.03+0.29 0.0014 233 393 0 733
(5 F) 2- Il 1821 1736 ND ND 0.42+0.04 ND - 0 0 -
R-24-55 %MW 1837 1821 ND ND 0.44+0.67 ND 0.0001 0 0 5667 0
Nii-2,4-5% —J7ME 1885 1844 ND ND 3.06+0.49 ND 0.0003 0 0 10205 0
22-"H%E-13-2
04 1661 - ND 0.43+0.06 ND ND - 0 - 0 0
S S 852 950 ND ND ND 0.2120.05 9.7879 0 0 0 <1
GAy  3-FJE2-TEE 1042 1118 ND ND 0.09+0.01 0.11+0.01 0.4100 0 0 <1 <1
2B 1305 1300 ND ND ND 0.24+0.12 0.0652 0 0 4
i 1602 1567 ND ND ND 0.10+£0.01 0.1258 0 0 <1
Fhe 795 - 0.14+0.02 ND 0.16+0.02 ND 10.0000 <1 0 <1 0
— RN RS 1539 - 0.110.02 ND ND 0.16+0.03 13.0000 <1 0 <1
(;t;;) (S)-HEIASEH e 844 - ND 0.69+0.14 ND ND - 0 - 0 0
SRRIRIUERE 1539 - ND 0.13+0.01 ND ND - 0 - 0
ke 1538 - ND ND 0.21+0.02 ND 1.0000 0 0 <1
R .
(1) 2-JRHE R 1177 1244 0.07+0.01 ND ND ND 0.0058 12 0 12 0
[ - 9 g 2102 2044  0.25+0.04 0.64+0.12 0.19£0.03 0.36+0.07 0.0097 26 66 19 37
(2 il 5-Z¢ N IR 2254 2189  2.44+0.32 1.12+0.21 0.84+0.07 1.07£0.10  0.0660 37 17 13 16
s I, <
() 14- 5 Ze2-00 891 - ND 0.37+0.02 0.62+0.05 0.86+0.07 - 0 - - -
iz CIFFEH ik 800 832 47.95+20.89 34.74+16.72 38.73+17.67  35.43£15.45 - - - - -
(2 F) Bk 856 - ND ND ND 0.53x0.01  303.9670 0 0 0 <1
JHeks
(1) BT R 843 729 ND ND 0.78+0.06 ND 0.5100 0 0 2 0

E: (R B retention index, RI); ND o Ib IR WIS, FomM AT (i, IS (LA WML B 25 0.
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B, 8 T IR XER . e B FL R R S AT A
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AR R P ) TR A T R R I-2,4-38 IR SR HA
HESTR P OAV Al FD %55, Ui B KI5 L 53 T2 mig ik
PRI AENE & o RS AL RIS B FLRS #E S P B TR O TR
(OAV=14901, FD=32), C.FRZMR(OAV=6024, FD=64), 3¢
i Z.BR(OAV=1605, FD= 64)5 1AW T, A K-2-+ W
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#3 TEMIARABOESFMLNRE GC-0 HHF

Table 3 Odor-active compounds in rushan identified with different processing methods by GC-O

R4 R ok ®
WEME  HE ES= (¢53 A ik
2-1 = 2095 2029 AR . BT 16 =64 32
2-1 F 1885 1818 B 1 16 =64
T 945 1048 B, FREK 16 16 32 32
R R 1299 1339 WK ERIR =64 =64 =64
CR R 1320 1341 KRS 32 8 32
PR 2. T 1410 1418 WEIR, FREK =64 8
2-F LT ORI 1450 1422 KREFSR 4 2
¥R LB 1577 1526 Ak FHE =64 4 32 =64
T2 2 1 1640 Wk, SRAE 4 4 16 16
3-BR L CL R R 1666 1621 A TR IR 2
CLR C R 1691 1615 Bk . AR 4 8
PR 5 N TR 1754 1675 RE =64 =64
L HE-9-S5 IR g 1775 THIRRAT 2
1,2-T5 /T R 1791 1725 BRdr . Rk 1
SRR N R 1816 R =64 =64 =64 32
1-HURE T He 58 IR g 1878 R 1
T =M 2022 1943 KRR BEER 4
7-T- N g 2102 2044 ¥k Whmek . AR 4
9-+ UM R 2 Tk 2155 FHOR . Rk 2 4
TR LR 2217 2179 AR IR 4
TR B 2315 2261 VLGS =64 8
AR H R H e 2347 2303 AR 2 =64
5-55 N 2254 2189 PN S 1 1 =64 2
A S 5E IR £ T 2076 2055 BEOR . IR 16
15-FBE+X 1R 2 2185 RIER 8
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T 2230 2165 FiR BLR 8 32 =64 16
397 1807 1733 FiR BLR 16 =64 32 =64
wA7 1920 1839 JER . Rk =64 32 16 16
BERR 2028 1946 MR . Rk 1
¥R 2134 2068 JEE bR . ImARIR =64 16 16 16
HEERR 2503 2475 HRIMARIR - - 1 2
-5 AR 2550 2N =64 32 32
JL-2-B8 Mg 1702 1648 FEW., EF. i F 2 - 2
J2-2-F T 1822 1835 MARUR . AR, FRIR - 8 16
J2-2,4-5% IR 1837 1821 AR . MR - - 1
Mi-2,4-%% — I 1885 1844 AR . MR =64
2- P 1305 1300 WK WK, AEE 16
ke 1539 TRAR 16 - - 2
Tk 1538 TRAR - - 4
BT 843 729 AR FU A S RN R R - - 4
TE: SRR EA PR T AR 5]
23 RRREITINER S sl
P 1 R AR D 2 LR U R A 45 P
T LI . RS AT L8 40K SR 50K P e
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TR A TR o T I Ak L 2L 1 A 75 R R R 3 1
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PF N A A SR RERN R R AL, siAl 1 3L B A DT A A
IR, (HHABXIRA FrREMT.

HEAN, BE AN S R W TR B KSRIA  A hk
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Fig.l1 Radar chart of sensory evaluation of rushan
samples with different processing methods
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