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Abstract: To study the effect of Chinese prickly ash essential oil on the flavor of salt-baked shrimp, headspace solid phase
microextraction-gas chromatography/mass spectrometry (HS-SPME-GC/MS) in combination with sensory evaluation and
relative odor activity values (ROAV) were used for analysis. The results showed that both Chinese prickly ash powder and
Chinese prickly ash essential oil could significantly stimulate the attractive pepper flavor of salt-baked shrimp and reduce
their fishy flavor as well as had no significant effect on the background odor of salt-baked shrimp. Compared with the
control group (no Chinese prickly ash powder and Chinese prickly ash essential oil), the volatile substances in salt-baked
shrimp were enriched after the addition of Chinese prickly ash powder and Chinese prickly ash essential oil. A total of 30
volatile compounds were identified in the control group, with the key ones including heptanal, capraldehyde, nonanal,
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octanal, benzaldehyde, hexanal, linalool, 1-octen-3-ol, and D-limonene. 52, 54 and 51 volatile compounds in the Chinese

prickly ash powder group were identified, respectively. And 53, 54 and 54 were in the Chinese prickly ash essential oil

group, respectively. Both Chinese prickly ash powder and Chinese prickly ash essential oil could keep the key volatile

components well in salt-baked shrimp. Adding Chinese prickly ash powder and Chinese prickly ash essential oil to salt-

baked shrimp could significantly (P<0.05) reduce the ROAV of heptanal, hexanal and capraldehyde, and significantly

(P<0.05) increase the ROAV of benzaldehyde, linalool, octanal, and 1-ocene-3-ol, with no obvious effect on the key

volatile components. In conclusion, both Chinese prickly ash powder and Chinese prickly ash essential oil can effectively

reduce the unpleasant smell in salt-baked shrimp. Chinese prickly ash essential oil plays a key role in the overall flavor of

salt-baked shrimp, showing certain theoretical guiding significance for improving the flavor quality of salt-baked shrimp.

Key words: pepper; essential oil; salt-backed shrimp; flavor; quantitative descriptive analysis (QDA)
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Fig.1 Radar map of volatile flavor attributes of brine shrimp
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Table I Composition and relative content of fatty acids in
pepper essential oil
15 Ewy syl TR AN EE%)
1 IR CHASEEER)  CpHy0, 268 429
2 FEAHAR (1757R) C;H;,0, 270 8.20
3 RIATHIA CioH3,0, 294 17.16
4 o- P JRRIR CoHp,0, 292 3.92
5 il CioH30, 296 40.71
6 TR CoHi0, 298 3.30
7 =iz C,H,,0, 200 15.62
9 RAIY BT - - 5.12
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Table 2 Results of GC-MS analysis of volatile substances in 7 groups of samples
P VE W SR 25 1 (%)
Hi's EY fh2Eak - - - - - - -
Fefhi(en)  FEAR2(AD)  FEA3(A2)  FEAR4(A3)  FRABS(al)  FRAh6(a2)  FREAH7(a3)
JRk
Cl B- A CiHlg  1.65+0.18  1.76£0.67  1.85+0.87  1.99+021  2.01+023  2.42+0.14  2.77+0.08
C2 oA () M CysHy, ND ND ND ND 0.12+0 0.17£0.01  0.21+0.02
C3 BRI CysHy, ND ND ND ND 0.21£0.01  0.43£0.08  0.65+0.16
C4 o IKIT W CioHyig  0.04£0.01  021£0.01  025+0.01  027+0.02  0.25£0.02  0.31+0.03 0.38+0
Cs BRI CHly  0.62+0.09 ND 0.57+0.04  0.50+0.04 ND ND ND
C6 D-Frig# CiHlg 413046 2344031  1.98+036  1.48+0.18  034+0.04  037+0.02  0.45+0.12
c7 o-JRM CysH,, ND 0.16£0.01  0.23£0.01  0.44+0.02  1.08+0.08  1.56£1.07  1.76£0.07
c8 (+)-4- 075 CioHjs  0.45+0.05 0.45+0 0.93+0.12  0.57+0.17 ND ND ND
9 A-FERNG CysH,, ND 0.27+0.02  0.39+0.04  0.48+0.02 2344147 2974034  3.43+0.31
C10 DR AR (A CysH,, ND 0.34+0.04  0.44£0.05  0.52+0.02  1.96+0.16  2.13£0.02  2.35+0.42
Cl1 ES/N T CsH,, ND ND ND ND 0.53£0.09  0.67£0.09  0.71£0.02
C12 AT ¥ CsHyy ND 0.18+0.02  0.31£0.05  0.35£0.04  0.26+0.01  0.36£0.01  0.3520.01
C13 A AT C,sH,,0 ND ND 0.070.01 0.080 0.5740.04  0.76+0.11  0.97+0.27
Cl4 B-% s CioHig  0.46£0.17  127+0.06  1.34£0.07  1.42+0.06 1.2+0.03 1.38£0.64  1.64+0.11
Cl5 V-t it T A CioHyg ND 0.35+0.03 0.25+0 0.16£0.01  0.54+0.07  0.36£0.09  0.250.04
Cl16 a- B I CysH,, ND ND ND ND 1.08£0.33  2.23+0.87  1.45+0.27
C17 ELAE T VA A CysHyy ND ND ND ND 0.2240.02  1.1120.09  0.87+0.09
C18 a-AK I CsH,, ND 0.25+0.1 0.37+0.07  0.84+0.06 3.4£0.57 2.96£0.03  2.33+0.27
C19 P-A LM CsH,, ND 0.58+0.13  0.76£0.13  0.97+0.11  4.16+0.16 3.42+0.2 1.66+0.02
C20 RRUIE S e CH,6 481+1.03  0.67+0.18  0.29+0.09  0.18+0.09 ND ND ND
C21 + ke CpHy,  0.91£0.40 ND ND ND 0.05+0.01 ND ND
C22 RN LS CHyg ND 0.1240.02  0.10+0.01 ND ND ND ND
Cc23 2,5- BB b C,H,6 3.23+0.56  0.18£0.03  0.11£0.07  0.05+0.05 ND ND ND
C24 + LK g%;fﬁﬁg )68 CoHyg ND 0.30+0.07  0.22+0.03  0.16+0.02 0.03+0 0.04+0 0.05+0.01
o5 TR I'Eﬁf ?E)'1’3'%a CioHys  0.45:0.03  0.63+0.09 ND ND ND ND ND
C26 Z’Z’Z'1’5’9’9'§TE'1’4’7'% 2 CysHyy ND 0.3140.09  0.33£0.04  0.34+0.02  0.56+0.12 0.59+0 0.65+0.07
c27 1’3’4’5’6’72'21 g}i@é%EﬁEzH C,sH,, ND ND ND ND 0.44£0.08  0.54+022  0.62+0.14
C28 “R’S%S)) m;zl;fﬂZ ?5]‘ %éﬁ;@%”z C,sH2, ND ND ND ND 0.85+0.64  0.97+0.29  1.1540.11
C29 K CeH,, 1.35+0.06 ND ND 0.05+0.02 ND ND ND
C30 1,3- HIE CgH,,y 224+0.10  037+0.11  0.17+0.05  0.13£0.03 ND ND ND
31 (L5-ZHRDE)4-FHE  CH,, ND ND ND ND ND 0.32+0 0.35+0.02
C32 1-C 1,5-_Eﬁ%-4;-§a%%) +RE CsHy, ND ND ND ND 1.34+0.12  1.45+0.07  1.67+0.12
33 KL CgHg 8.53+0.81 1.44+037  0.75£0.03  0.51%0.12 ND ND ND
ps¥il 16.75 10.37 10.79 10.8 222 25.75 247
T 13 20 21 21 23 23 23
[i52S
C34 B 12053 CgH,0 0.02:0 0.13+0 0.18£0.01  0.26+0.11  0.33+0.01  0.38+0.14 0.44+0
C35 A-ZTRANTEE C,,H,,0, ND ND 0.20:£0.02 ND 0.01+0 0.01+0 0.01+0
C36 Ryt CioH;s0O 0824020  3.78+0.61  3.30+0.14  2.67+0.37 ND ND ND
C37 I CoHigO  433+025 13.77+091  14.65+0.12  15.43+0.06 14.43£0.83 15.61£0.17 16.29+1.01
C38 R C,HO ND ND ND ND 2.87+0.12  2.78+0.11  2.99+0.13
C39 A-ifli CiHisO  1.01£0.04  432:0.88  4.11x03 3.67£0.49  3.32+0.65  3.87+0.09  4.42%0.1
C40 T-AEFAEE C,sH,0 ND 0.04+0 0.03£0.01  0.04+0.01 0.14+0 0.18£0.06  0.22+0.09
C41 2-C0 - 1-B5 CigH3, O 0.69£0.12  0.10£0.03  0.04+0.01 0.02+0 ND ND ND
C42 a-FATHEE CoHIgO  0.09+0.01 1.76£0.41 1.54+0.03 1.33£023  0.17£0.02  0.14£0.01  0.18+0.02
C43 ECL/N C,sH,0 ND ND ND ND 1.11£0.05  1.3240.29 1.440.16
C44 EAR 2]l -3 CysHy0 ND 0.02+0 0.04+0.01  0.06+0.01 0.05+0 0.11£0.05  0.17+0.02
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Fefhi(en)  BESR2(A1)  BEA3(A2)  FEA4(A3)  FEASGal)  FEAR6(a2)  FEHHT(a3)
C45 REAE AN C,sH,0 ND 0.06£0.01  0.09£0.04  0.11£0.06 ND ND ND
C46 fiﬁ'l'q]z%{g;%_qf_%Z%%)' C,oH,0 ND 0.15£0.10  0.19+0.12  0.20+0.02  0.08+0.01  0.07+0.01  0.08+0.01
c47 Jllﬁﬁ-l-m}%gg:&?%%).z_ C,oH,s0 ND 0.43£0.08  032+0.16  0.21%0.02 ND ND ND
cag ® '4'q]%é',(h%_'13§l%)'3% CyoH,0 ND 2112033 1.65:0.1 1212049  0.16£0.02  0.13:0.02  0.14=0.01
C49 (1 2;?&?}&%@&% CoH 150 ND 1.1120.64  0.93+£0.08  0.78+0.34  0.11£0.01  0.08+0.01  0.09+0.04
Js¥il 6.96 27.78 2727 25.97 22.78 24.68 26.43
Fh%L 6 13 14 12 12 12 12
[l
C50 CE CeH,0  2.89+0.38  2.34x021  2.01£0.36  1.66£0.45  2.15+0.12  1.78+0.64  1.92+0.37
C51 AR C,HO  021£0.02  0.23+0.01 0.25+0 0.28+0.04  0.28+0.07  0.34+0.04  0.31%0.05
C52 R CgH; O 0.13+0.01 0.23+0 0.34£0.02  0.41+0.08 0.43£0 0.48+0.07  0.54+0.11
C53 T CoH; O 1.88+0.41  2.32+0.78 2.53+0 275£0.09  2.75+0.01  2.99+0.75  3.42+1.07
C54 BEIE CioHy0  0.53+0.08  0.46+0.05  0.38+0.04  0.34£0.07  0.40£0.07  0.33£0.09  0.28+0.13
C55 PR CH,0 233001 2.10+0 1.55£031  1.23£0.17 1.86+0.3 1.35£024  1.05+0.25
¥l 7.97 7.68 7.06 6.67 7.87 727 7.52
ey 6 6 6 6 6 6 6
e
C56 LA C,oH 1,0, ND 125£0.02  0.97+0.03  0.74+0.04  1.26:0.04  1.08£0.05  0.81+0.05
C57 IR T We CeH,0,  9.63+1.05  1.24+0.54  0.61£0.16  0.41£0.04  0.16£0.04  0.10£0.02  0.08+0.01
C58 a- CTRFA IR C,H,,0, ND 2144032 331048  3.53+026  2.03:0.02  2.36£0.01  2.78+0.24
C59 LRI CHy0, 2474046  13.56+3.78  16.55+1.84  18.86x4.11  15.06£3.53  16.87+0.57  18.56+0.41
C60 LRA R C,H,,0, ND 2.12+0.3 2.66£0.07  3.68+0.15  2.28+0.01  2.78+038  3.77+0.43
c61 (Z)-Hg4F ) LSRR g C,H,,0, ND 1.47+0.22 1.5+0.05 1.54+0.09 ND 0.19£0.02  0.18+0.01
ps¥il 12.14 21.79 25.59 28.76 20.79 23.38 26.18
T 2 6 6 6 5 6 6
[iEES
62 2,6- _FRFAR LT CsH 0581, 0.92£020  0.42+0.09 ND ND ND ND ND
C63 AR C,oH,0 ND 0.9740.19 1.05+0.31 1.38+0.39 1.37+0 1.5440.77 1.77+0.16
Cco4  A-(1-HBEZHL)-2-Fis-1-F - CgH,,0 ND 0.2240.03  0.34£0.08  0.37+0.09  0.23+0.06  0.21£0.04  0.25+0.19
C65 W& £ DA C,sH,,0 ND ND ND ND 0.37£0.07  0.29+0.17  0.17+0.07
C66 (-)-F Tl C,oH,,0 ND 0.29+0.1 0.21£0.06  0.23+0.08 0.35+0.1 0.28+0.02 0.21+0
=¥l 0.97 1.90 1.60 1.98 2.32 232 2.40
R 1 4 3 3 4 4 4
FHoAh
C67 THEORHEH CisH,, 0 0.91x0.21 ND 0.26+0.03 ND ND ND ND
C68 CiE=¢ &8 CgHgNO,  3.46+0.12  0.17+0.05  0.11£0.05  0.06£0.01  0.07£0.02  0.03£0.01  0.030.01
syl 437 0.17 0.37 0.06 0.07 0.03 0.03
Fh%L 2 1 2 1 1 1 1
[i7eS
C69 7R C,H,0, ND 0.15+0.03 0.18+0 0.22+0.09  0.21%0.03 0.25+0 0.310.01
C70 HRINER CioHy6 ND 0.93+0.08  1.24+0.16  2.030.11 1.56£0.31  1.86£0.66  2.13+0.18
eyl 0 1.08 1.42 2.25 1.77 2.11 2.44
P 2 2 2 2 2 2
ey /fsS s 49.16 70.77 74.10 76.49 77.80 85.54 89.70

4 ND: AR

ST Hh B IR 2 PR AR A T, — B A 7K
SRR, SR AR B0 L AR ST, X XUBR TTRR
BORPI, FEASZEG v, X BRZH 5 ) 2 iRk
G AU A AIAEABORS I 2 T 6 FhEE Ak
B W 3 Fron, AR 2 ANAERURS i 2H nO 196 2S

B WHERNZE A 2R b, (HAEAERT & i A —
B AL, RRAE O O AR R, LR AR EF R
M. SXFHEZHAR G, A3 ZHAN a3 ZHINAE Y 2 R 5 1
BEAEXT 25 WA E)] 18.86% F1 18.56%, J&X HE2H
L. X SEVE PN SS IR —EM2E5, HEmT
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Table 3 Relative odor activity values of volatile flavor components and their odor characteristics for seven groups of samples

AT B (ROAV)

RAMWR  RiE(Gske) Pk BEfil(en)  FEM2(AD)  FER3(A2)  FERN4(A3)  HERIS(al)  FEM6(a2)  FEfHT7(23)
LR 22000 [izl7S - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
P 3 PN il N S 4131 30.17 20.42 1491 22.55 15.05 10.23
5 0.1 b oy [ NG VN 281.91 198.28 150.20 123.64 145.45 110.37 81.87
T 1 BRI IR, AE 100.00 100.00 100.00 100.00 100.00 100.00 100.00
S 0.7 b o 1 SN ) 151 S 9.88 14.16 19.20 21.30 22.34 22.93 22.56

IR 0.8 MR, AR 13.96 12.39 12.35 12.73 12.73 14.21 11.33
L 45 NN GIRSZ S 34.16 2241 17.65 13.41 17.37 13.23 12.48

JF R 10 e AR 23.03 59.35 57.91 56.11 52.47 5221 47.63
1-2FJ5-3-1% 1 BEASR | JEE 1.06 5.60 7.11 9.45 12.00 12.71 12.87
D-FPlEss 10 G EAUS 21.97 10.09 7.83 5.38 1.24 1.24 1.32

AEJE™ AR R AR IO44E A M XU Tt B {EL AR, I REBY
WL S

P E— BN I A ARt =4, HAT R A<,
Strecker FFff L AE ™ A4 A HERER 1, Horp— 26 B 5%
NG D SR Al A ) LB BRI, 1275
IR A5 T SRR HAT T v ) AT e, 2 PR )
HE R USRI B HIOMRAERY S IR 22 850
W JEAEA LRI, B A S A )R, A TE
WL i A2 AR R JRR | SR IRAE—LE S A
MIPRAGAAR . PSS AR S i e, LR (I R
HEHEAL SR, IR A IAEABORS T &5 T A T
Y BAFAE, N . eSS0 O MIAS g
K25 L. AWFFEAINE] 6 FhiEfb G4, X)
ML AL S LA S RIS B AR A, ARX) 5 A
—RE2E 5, BRI CUE | SEIERNBEIRE pAR XS 5 b
B AEABUAN T B PO BE IR, Sy | T AT Y
BRI 5 B AE ARG I B2 p iy X i

TFAEAOKE T TR
2.3.2 HHERPERGRYIS T TR Y T
i 5 USRS IEZ B JC H2 0 &R, HX SR UK 1 5T
FIR FH 4 2 PR 2H 53 A XU AR 2 v i e J3 R i o (1
FlgeE™, B3 3 LG0T &R, T-IEAHXT & 54
e ELEMEZR /)N, i 1 pg/kg, JITARE SCETE AR XS R
1 BE(H ROAV, =100, HABIE L LY B ROAV
{HE AR S, FETT TS AEARER R R 32
A XU 8 53 F8 i . DNFE 3 BT, AEARER MR R i F A
KU A I 120 -3 . D-Frgelas . S5 Rie . i .
PR TR, JX A AL R T T AEARER YRS
R NEWTEIR . R BRI

AWFFEFRI], X R PR S 2R, USINAER
Ay L AAEAORS T 2H b R AR X AN vy FLBE (L
W, H ROAV (HiE A 1545 H/NF 0.1, BLBH 218
KT ACARER R 2 P XU VAT SRR R, AR Rk nT
BEXTAEAER IR IXURAT — 2 4 B E . PASCHEE

HREE A BE NI KUK A AT 2RI Y FAINS T BIRPSE AT, 3T BEZHAR L, AR LA E

ARWFFEAZIN R 5 FPEZE G4, Horb oy IZH A FEOHRS 11 25 %) SCBEAZE S i o014 455 ) B ZH R — 3
MFF 2,6- " FEIEIRK L5 AR L ANAERBORE T 200 PNAS SR M L 5Y ROAV ZEAGI £ BE 538, 5%t
WA, 4-(1-F L2 08) -2-BR L Jd-1-H . W8 A1 TRTH | PRZHAR EL, FEARURS ZH AN AEAORS i 2H 25 SR E A

(=) -F)FH o P B EA 22 AR, WA ELAT i
TSR, BBURRIR o BRI I3 A 1) TR B AR R NR T
FALFNSERAE SN, RIVERZE4) J50RT BE Fh AH DG A
P Z AR IR AR . AL IR I i sl i A= ) A e
PR, B RS B AR AL S AR . I
KPR . AEA DUURTIR S 2 AN I DRI, S AR 5
Z 09 A A H Wt B B AEAORS iU, AL
LERE R AR G )2 T 22, IUAREEIR A

Zi_bnl DIAEWT ARG R EIs | ks | M2 oA
Xof iR 22 A GRS AEARORS T 09 Z AN AR s R A E
JERGE AR e A R T AR I, TN A EARER AR R4 XU
WA E 2 TTHR . AERRURY AL RN EABURT I £ 45 A M)
SRR AR S BN 3, HE A A B AR,
FRILERBURG T I3 AEAE RS R R AR (XU 2 )
VEFHAEE, AEABUR X R ) XUBR BTk 4 S TR

531 ROAV )22 5 i 25 (P<0.05) ; FEMUK L FIAERR
AL AP R | 2SI . OV S IREEEAY ROAV 3%
PEREAR(P<0.05), 1-27445-3-B5 1 ROAV .25 Mg
(P<0.05); FEAUYEH ' D-#P075 100 ROAV i 5 R
{IR(P<0.05) . FEHUGTHLE=F1% . D-AEMaIT ROAV
TC W FEAER(P>0.05) o 45 B EE PESTAS SR AT J, 46
FEORS FIAEABORE TH (4 S I BEAZ A5 i) AR A B A R e AR
Frk, W T ERHRARAEARREAT 2R AR, I HAEAURS
TH B8 S I S SR ¥E K E A4 1 ROAV SR B8 K
Mottram 2508 LA 8 O SV Al B S I < 72 A 4 A
TRPERAY . RNELIY |« SR AR . SRS BAT R
WRE U LT DA O A i R BE R 23180 A2 AAE
X AR . BRI AT 260, ZEAUS FOAEARURS T REAS REAICER
HRMR AR R . SR PRI, T EAT i
BRAN P FFRA2 =41/ ROAV 1 I hI 7T fE2:1R
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THERYRIR A PR IR AR AR

Rt 5 R B2 G TN, AU 2 rh = DRI | 1-
SR -3-E ) ROAV {HABLE G A H, BEmE | S5
CLEE . D5 REE . D-APEEA 10 ROAV (EER BRI
AEHEORIMZE = | 1-¥908-3-I, D-F18@ 00 ROAV
(BN S, Pl | 250E . Ol . D5 REEERY ROAV
{HRRRTESR . WREAEIR A, W XTI EARUY H 52
ey B RS, XA EAORE T ZE (A S MR AR XS /)N o
3 g

T A AR GAE BB R AR LS S E T
B, IFLL ROAV {ELXF FEARURS FLAEARURS il X ER AR AR 4%
KPERRYY BT S BEA TR . AR RIS | iy
s | BESSRARMERRIR 0 FZER 0, BOE PR A
SRAPRURRMR S L . R P . AR BR S A i AR A FI=E
T | DA, 1-2Y20d-3- It A OB R M BT AR R 5
FEARA R W AEABOY FITAEAEORT IR S & A4 XU
JRE BA B RAEH . AR FTAEABORS T Y REAS 45
G PRSP ER YRR T BEAA XU, I T HABAU A7 ik
FRIXUAR . AEABURSTIBEAS B0 i 25 PRI L I | 251 . P
HJ ROAV(P<0.05), W3EHINN 1-~E4a-3-l | =AY
ROAV (P<0.05), {HXFERHUR A NS R IFANE A
S 2N, A BEAT AW T Eh AR s v A PR AR, 5]
AEABEORE T B3 X A EAEER e A A XU 1) DT kA 2 G
PR . J38h, W BEXTAEABUBY ZH PRS2 BE R, X AEA
R ZH RS2 AR XS4/ o DGR B i AR AL X AEAOR
THFERSRAR A A IXUSRSE MR B /N, AEABURE TR R AR i L
A XU LU AEREUA ERHRMIR () S A XUBR S S , IAUBR il JoT
TAE L AR SR AEMER PR IR UK i BT i A e T —
FE A BRI AR
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