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Optimization of processing methods for deodorizing Periplaneta americana based on
subjective and objective smell evaluation combined with analysis of volatile
components
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Abstract: Objective To screen a processing method suitable for deodorizing of Periplaneta americana (PA) through subjective and
objective evaluation combined with changes in volatile components, and explore the mechanism of deodorization. Methods Raw,
vinegar-processed, wine-processed, wheat bran-processed products of PA were prepared respectively. Volunteer sensory evaluation
combined with electronic nose system was used to evaluate the odor difference between raw and processed products to screen a better
processed product. HS-SPME-GC-MS and ROAV were used to analyze the key odorous components of PA. The peak area
normalization method combined with multivariate statistical analysis were used to analyze the difference of volatile components
between raw and processed products to explore the mechanism of processing. Results Volunteer scores showed that the average
scores of raw, vinegar-processed, wine-processed, wheat bran-processed products were 3.38, 1.25, 2.88, and 3.04, respectively. The
results of the electronic nose showed that the Euclidean distance between the raw and vinegar-processed, wine-processed, wheat
bran-processed products were 7.34, 3.77 and 1.60, respectively, but the direction of scatter of vinegar-processed product was opposite

to that of wine-processed product and wheat bran-processed product, suggesting that the mechanism of deodorization may be different.
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Vinegar processing was determined as the optimum method for deodorizing by comprehensive analysis of subjective and objective

evaluation data. The key odor components of PA were 3-methyl butanal, hexanal, nonyl aldehyde, heptaldehyde, decyl aldehyde,

phenyl acetaldehyde, (E,E)-2,4-nonadienal, 2-pentylfuran, (+)-limonene, and myristic aldehyde. The PCA result of volatile

components showed that four kinds of processed products can be clearly distinguished, and there were differences in volatile

components and content. There were seven differential chemical components between raw and vinegar-processed products, including

hexanal, palmitic acid, oleic acid, acetic acid, ethyl oleate, ethyl palmitate, and ethyl linoleate. The content of vinegar-processed

products was lower than that of raw products, especially the key odorous component hexanal. Conclusion The vinegar processing

is a better method to improve the odor of PA, and its mechanism may be associated with reducing odorous components such as

hexanal.

Key words: Periplaneta americana L.; processing; deodorizing; odorous components; HS-SPME-GC-MS; vinegar processing;

hexanal
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Fig. 3 PLS analysis of subjective and objective evaluation

2.4 Tnz-EHEMZER-SHE-FRE (HS-SPME-GC-
MS) HTIERKREK 5

2.4.1 HS-SPME 51 43 BIFRELSE PN IR AE it L 155
Kt WA BRI 5 3.0 g BT, A
3 mL WA EALERIE O Z B . A 50 um/30
um DVB/CAR on PDMS ( — 205 /B4 10/ 5 —
FESRE SR AR 4E L 0 T 2hdb R 23 N P T
70 C/KIE NPT 30 min, 45 AR 1 ECL
ZEHL 30 min, HUH, SEEISENSAHORECGHRE D
(250 °C), #EFEFfEWL 5 min.

242 GC-MS %ff (1) GC %f: HP-5MS £k
FAHEM (30mX0.25mm, 0.25um), FHEFETF:
WIUEHR 35 CA#4F 2 min, BL5 “C/min FF % 230 C
REFE S min; HANEAERR, BABBRE 1.0
mL/min, HEFECRE N 250 C, Aoi#et. (2
MS %fF: BT EHETFIE (ED, B JHEE
230 °C, PUZATIEFE 180 C, HLTHEE 70 eV, 14
MG m/z 35~550; JARERE: NISTOSa. &b Fii
Wik 4 fros.

243 HRMESEE @ NIST0Sa i FERZ,
HUVCHCE KT 80% MR 44 H bs i gy, SR THA A
— ik, RS SHENE SR, SRR

fa T

BRAb it

5% it

|
|

Lol PR O |
g A i T T T T
it 5% it
Ll Lo u‘ln-u“\-l«
T T T T T o
0 10 20 30 40

t/min

B4 FEMAWERREIESSE HS-SPME-GC-MS 2B THE
Fig. 4 Total ion flow diagram of volatile components in

different processed products of PA

1 Fize M4 il dh P L% e 55 Mfe &,
FRAE S 34 Bl D 34 BB TS, 36 . B A
41 Fli,



«342-

¢ %% Chinese Traditional and Herbal Drugs

FES51% F28 202004£1 A

F1 BMKBEAEEHRIEFLMERDEENBENEE (Xx5,n=3)

Table 1 Components and content of volatile components in different processed products of PA (x+s,n=3)

HEXS 1 20 5 4/ %

ML, 8] {1/
R

=] A
s feaireats IR TR wos mae R Geke) O
1 3-HEETEE CsHio0  2.05+0.74 3294094 2334031 1.00%0.87 0.20 100.00
(3-methyl butyraldehyde)
2 JXBE (pentanal) CsH100 — — — 1.02£0.14 — —
3 G (hexanal) CeH120  11.48£1.90 11.50+1.90 9.21+£1.37 7.79£0.90 5.00 24.89
4 Pifs (heptaldehyde C7HiO  127£0.11  127£0.18 1.21+0.20 1.17£0.15 10.00 1.24
5  ¥EE (octyl aldehyde) CsHi60 — — 3.11£0.39 — — —
6 F® (nonyl aldehyde) CoHisO  4.35+1.05 7.824+1.28 6.70+£0.61 7.831+0.88 3.50 12.12
7 K¢ (furfural) CsH402 — — — 0.96+0.16 — —
8 ZEM% (decyl aldehyde) CioH200  1.27£0.35 1454029 1.39£0.08 1.1620.13 5.00 2.48
9 (2)-2-BE)ElE [(2)-2-heptenal ] C7H120 — 0.524+0.45 0.72+0.10 0.82+0.18 — —
10 ZKHE (benzaldehyde) C/HO  2.85£024 4.38%0.73 3.93+£0.32 2.5240.31 300.00 0.09
11 ZKZE (phenyl acetaldehyde) CsHsO  2.34+0.46 2954031 2.48+0.16 2.3940.28 9.00 2.54
12 2-T Hk-2- 3¢ Ml Ci2H»O  2.96+1.22 124+0.13 1.15£0.14 1.07%0.12 — —
(2-butyl-2-octenal )
13 (E,E)-24-F —J%5ls CoHis0  0.55£0.15 0.68%0.12 0.68£0.03 0.6020.06 0.09 59.62
(E,E-2,4-nonadienal )
14 (E)-2-¥%5-1-B [(E)-2-octen-1-al]  CsHi4O — 0.8340.06 — 0.92+0.12 — —
15 (E)-2-Zf [(E)-2-necenal ] CioHisO  0.90+0.36 — — 1.48+0.31 — —
16 Jx-2-FHif (trans-2-nonenal) CoHi60 — — — 0.92+0.12 — —
17 R-2-Z2)flE (trans-2-decenal) CioHi30 — 1.10£0.32 — — — —
18 (EE)-2,4 & Jils CioHisO  0.78£0.67 — — — — —
(E,E-2,4-decadienal)
19 WEEEE (myristic aldehyde) Cl4H2s0  0.51£0.46 — — — 14.00 0.36
20 2,6- HIELEE CeHsN2 091023 3.641+0.34 2.97+0.30 3.3610.43 — —
(2,6-dimethylpyrazine)
21 2,3,5-=FEntm C7H10N2 — — — 0.86+0.76 — —
(2,3,5-trimethylpyrazine )
22 DUFAEEEEE (tetramethylpyrazine) CsHiaN2  2.3940.59  2.60%+0.42 2554024 2.71+0.33 — —
23 3-Z.3k-2,5- T FELI R CsHi2N2 — 0.73£0.08 0.5610.02 — — —
(3-ethyl-2,5-dimethyl-pyrazine )
24 2-Z RN (2-acetyl pyrrole) CsH/NO — 0.82+0.09 0.5940.02 0.5740.07 — —
25 W (indole) CsH/N  0.84+031  0.7140.05 — — 140.00 0.06
26 2,3- 7 & (2,3-butanediol) C4H1002 — — — 1.59+0.67 — —
27 1-3%E# (1-octyl alcohol) CsHis0 — — — 0.43+0.37 — —
28 ZKLIE (phenylethyl alcohol) CsH100 — — 2.45+0.17 — — —
29 ZEf} (phenol) CeHsOH  1.65+0.44 1941024 1.88+0.10 2.28+0.55 — —
30 XTHE (p-cresol) C7/HsO  3.28+0.12 4.68+049 4.114+0.02 3.93+0.55 — —
31 2-J%HE:HKM (2-pentylfuran) CoH14O  291£1.45 2.3440.52 1.83+0.28 1.04£0.91 4.80 5.92
32 (DI [(+)-limonene] CiwHis  0.60£0.15 2.1540.38 1.37+0.14 1.19£0.10 10.00 58.00
33 =4t (dodecane) CiHze  1.19£0.18 2374044 2.19+0.13 1.84%0.17 2.04X10°  0.01
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34 +PUkt (tetradecane) CisH3o 1474+ 054 1.174£0.11 2.05+0.25 1.75£0.19 1.10X10°  1.00X1073

35 +75%t (hexadecane) Ci6Hz4 0.52+ 0.47 — — 0.51+0.06 — —

36 +-tki (heptadecane) Ci17H36 047+ 0.42 — — — — —

37 3-HE=k CisHzo 044+ 038 0.81%+0.11 0.88+0.11 — — —
(3-methyltridecane )

38 3-HHEA-POAT CisH32 — — — 0.68+0.06  — —
(3-methyltetradecane)

39 2,24,6,6- T EPESE (2,24, Ciabos — 2.874£0.51 2.1440.73 — — —
6,6-pentamethyl-heptane )

40 N-FHEIR I CiaHas — 0.60£0.07 0.65£0.08 0.5310.05 — —
(N-nonylcy clopentane )

41 NWHIR =1 b CsHi303Sis 0.39+ 0.35 — — — — —
(hexamethylcyclotrisiloxane )

42 A —HZE (m-xylene) CsHio — 0.53+0.07 — — — —

43 3Ffig (octanoic acid) CsHi602 0.74+ 0.66 — — — 500.00 0.01

44 T (nonanoic acid) CoH1302 0.53+ 0.54 0.84%+0.05 0.80+0.10 — — —

45 WEEMRR (myristaldehyde)  Ci4H2s0:2 — 0.3440.30 — 0.5640.12 — —

46 FEMEER (palmitic acid) CisH3202 1337+ 7.76 10.424+2.03 10.47+2.66 10.47+1.41 >1.0X 108 <1.30X 107

47 VEyHER (linoleic acid) CisH3202 — 1.11£0.20 1.15+0.20 1.24£0.28 — —

48 R Coleic acid) CisH3402  16.67+21.65 5.17+1.01 545+0.97 5.49+1.19 >1.0X108 <1.62X 107

49 fifJJiER (stearic acid) CisH3602 — 0.5240.50 — 0.9440.37 — —

50 FEEER Cacetic acid) C2H402 4.86+ 4.26 3.24+0.41 — >22X10% <2.16X1073

51 4-HIB LR CsH1202 — 0.8740.13 — — — —
(4-methylvaleric acid)

52 JMEZHEE Cstearic acid) CisH302 045+ 0.53 — — — >1.0X108 <4.39X 1078

53 JMER Mg Cethyl oleate) CyH3s0;  3.04+ 1.52 — 1.594+0.29 0.66+0.24 — —

54 1FHIEE 2.8 Cethyl palmitate) CisHizsO2  3.49+ 2.19 — 1.45+0.29 — — —

55 TEiMEE 2. W8 Cethyl linoleate) CaoHisO2  2.89+ 1.79 — 1.32+0.24 — — —

o R

“—" means that the components have not been detected

244 KEERSUYIB N SRV TR
o R TR B B RE T SRR,
e — DR E R SR, S A ISR Ty
U8, SR AR SRTE (B (relative odor activity
value, ROAV) AL EARSIR Tk i KA
FEAE S, 3-FRIE T R AH N B v HL ML ot 18]
EARAG, 4 Hog SO i LA BT ik e R R R A
ROAV 1 =100, U H Al 3% 1 i 7> ROAV; =100
CiTmax/(CmaxT7)s Ci K1 T; 73 3 R &35 N S FRIAE R
73 B B AR XS B R BIE , Crnax F1 Tinax 73 9N
o R SR SORA DT R 5 A R RS FRIAEL R E 2 28 B A0 e

BLAS R BT R e K I A3 B BRI . BT R (1)
ROAV <100, H ROAV 1B 8K [ 5575 % B4R
RAIRTTBRER . — AN ROAV =1 [l FE
i SR I F, 0.1<SROAV << P23 RHRE
R AR Sk B A B REMAE T . A &
ROAV {E L% 1. R ER -FETE. . T
M. BREE. 2. KO, (E,E)-2,4-T JhlE. 2-
PRFERIR  (F)-F7 15 s A2 KA s 3 I R Wi B L S k)
RISV, R R S SR B
AR

2.4.5 PCA X Simca 13.0 #cfh35  RdEAS [F]
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Fig. 5 PCA diagram of volatile components from different

processed products of PA
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Table 2 Comparison of total amino acids and alcohol-

soluble extract in different processed products (x £ s,n=3)

Tl RERER/ (mgg™) RIS PER M/ %
A 6.0140.17 17.784+0.38
P ¢ i 7.014+0.13" 19.75+0.29"
% i 6.56+£0.19" 20.43+0.86°
ER i 5.26+0.38" 18.394£0.22

A MmEE: "P<0.05
P < 0.05 vs raw products
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