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Abstract: In order to investigate the effects of chili peppers on volatile compounds and bacterial community composition in
shrimp paste, this study applied chili peppers to the fermentation of shrimp paste and compared it with the fermented shrimp
paste without chili peppers, determined volatile compounds by gas chromatography-ion mobility spectrometry (GC-IMS),
and analyzed the phylum- and genus-level compositions of the bacterial community and the changes in diversity by high-
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throughput sequencing (HTS). Besides, this study established the correlation between dominant genera and key volatile fla-
vor compounds by Spearson correlation analysis (SCA). The results showed that the addition of chili peppers increased the
malondialdehyde content of shrimp paste during the fermentation process, and the flavor differences between the two
groups of shrimp paste at the end of fermentation were small and acceptable. The addition of chili peppers introduced
volatile flavor compounds such as 2-ethylfuran, S-pinene M, methyl tert-butyl ether D, 2,3-diethylpyrazine M, and propi-
onaldehyde into the shrimp paste. As fermentation proceeded, flavor compounds such as 2,3-pentanedione and 2-methylbu-
tyraldehyde accumulated in the chili shrimp paste, and methyl tert-butyl ether, f-pinene, and other substances with some ir-
ritating odors decreased, resulting in a softer flavor. At the phylum level, the addition of chilli peppers increased the rela-
tive abundance of Cyanobacteriota and Bacillota and decreased the relative abundance of Bacteroidota in shrimp paste. At
the genus level, the addition of chilli peppers introduced Oceanobacillus to the shrimp paste, increased the relative abun-
dance of norank _o_Chloroplast, and decreased the relative abundance of Olleya and Flavobacterium. Candidatus Bacillo-
plasma, unclassified f Paracoccaceae, as the core dominant genera shared by the two groups of shrimp paste, were signifi-
cantly negatively correlated with the content of characteristic volatile compounds in chili peppers, such as 2-ethylfuran, and
were also positively correlated with the major volatile flavor compounds generated in shrimp paste fermentation, such as
butyl acrylate M, which were a key microorganism driving the formation of flavor. The results of this study provide theoret-
ical support for the development of novel flavor composite chili peppers shrimp paste.

Key words: shrimp paste; papper; volatile compounds; bacterial diversity; gas chromatography-ion mobility spectrometry
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Fig.1 Dynamic changes of physical and chemical indexes
and sensory evaluation of shrimp paste during fermentation
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Fig.3 Content of various volatile compounds in shrimp paste
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Table 2 Identification results of volatile compounds in shrimp paste
% WRIAWAR  CAsS  Rapnpg AEE B PEERS VR
(s) ] (ms) CK-0 CL-0 CK-3 CL-3

PIEER T RD 141-32-2 941.6 472399  1.69482  217.21£116.88*  73.25+20.04° 68.94+8.00° 92.05+12.52°
TR 105-66-8 943.8 476286  1.26597 2199.72+1012.04° 684.37£97.68°  598.24+90.14°  1047.48+33.71°

L(-)-FLER Z g 687-47-8 793.6 282376 1.52783  206.90+88.49°  137.85+20.51°  122.24+25.95"  162.13+33.14*

LR R 79-20-9 582 150.542 1.1895 56.05£6.57° 106.38+2.00 84.88£61.39°  363.04+51.74°

LR EEM 108-21-4 758.2 248.694  1.48489 21.76+1.87° 35.75+8.78" 23.34+7.69° 155.81487.79"

[FES TIGIR T 1M 141-32-2 941.6 472399  1.68482 128.104+3.25¢ 130.46+23.09°  476.88+20.73°  856.37+44.40"
LR 2T 97-64-3 768.5 258.304  1.15033 71.85£2.91° 146.38+10.28° 160.83+4.20 461.3+64.61°

R T R 591-68-4  1051.4 670.43 1.40181 48.18+1.97 63.59+12.92° 58.74+10.17° 180.88+38.15

PR S i 110-45-2 768.9 258.682  1.28005 69.97+8.47° 86.93£9.49" 85.28+20.36" 327.25462.29°

2R 141-78-6 808.1 296.581  1.10098 19.82+3.71° 35.8242.36 31.25¢1.22° 47.46+4.89"

ZFREED 108-21-4 758.2 248.694 1.48489 18.001.50° 27.52+8.32° 21.59+4.66" 110.61+62.28"
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B ERIRAMAR  CASE  mieg R & PR VEER
(s) Il (ms) CK-0 CL-0 CK-3 CL-3
2-HIEE D 78-92-2 612 161366 1.17164  381.38+32.69%  687.92+15.38"  349.02+£51.64°  458.54+65.82°
1- M 71-41-0 809.3 297.799 125458  178.96+43.84°  177.19+11.62°  154.54+11.13°  248.02+23.56"
2-C B 626-93-7 999.8 583.194 1.28134 39.47+9.52° 135.81+42.24° 28.06+2.03° 52.66£31.96
3-F LT 123-51-3 752.9 243.843  1.24568 59.70+4.24¢ 212.99+24.21° 81.41427.26° 351.35+41.06°
_— 3- T 0-1-1 627-27-0 764.9 254.882  1.42908 20.72+3.62° 20.78+2.95" 23.53+2.63 73.36+24.42°
L 107-03-9 641.6 172.782 135915 78.11+3.22° 73.7142.64° 103.5245.05°  263.47+31.41°
13 4-3-1 3391-86-4  1010.7  600.649  1.71767 77.18+3.82° 65.89+2.20° 59.18+8.24° 120.54+39.95
1-JZD 71-41-0 775.2 264.705 1.2516 145.18+37.21° 72.25+3.36° 433.52425.87°  336.02+46.46°
2-HEREEM 78-92-2 606.7 159.406 1.36629 8.75+0.02° 8.38+0.81° 13.12+3.02° 37.58+22.48°
2- T 67-63-0 530.7 133.732 1.08379 68.18+11.90™ 48.40+27.18%® 35.09+33.83° 129.80+69.76"
VRN 45 61683-99-6  797.6 286.287 1.2582 288.55+97.18° 117.41£5.80°  207.82+33.45®  290.83+68.49"
3-E2-THEEM  107-86-8 760.9 251.11 1.09665 72.09£9.07° 129.74+8.89° 508.96£60.95"  236.48+77.64°
- 3-HIJE-2-TYRIED  107-86-8 809.5 298.02 1.3569 36.74+15.44 20.12+0.59° 63.57+1.81® 82.40+29.01°
2-FEE TR 96-17-3 694.7 196.975 1.3943 209.51£14.97°  240.18+21.09°  6869.65+54.18"  7264.23+290.21°
2-FR LA 123-15-9 720.8 216.746  1.22651 84.07+8.27° 108.68+12.62°  166.92+18.44°  262.75+27.64*
R 123-38-6 730.6 224.657 1.046  2682.95+273.22° 5497.55£110.26° 2094.93+32.84%  3240.63+85.97°
3-J43£-2-THAD 513-86-0 690.4 193.873  1.32977 28.35+13.2° 13.57+1.34° 74.58+8.03° 57.23+15.87
2,3-I% D 600-14-6 622.8 165.41 1.29163 46.70+2.43° 328.81£32.40°  559.77+81.35"  455.27+68.38"
2,3-% M 600-14-6 745.5 237326 1.30441 117.54+3.69° 633.46£23.03°  910.95+85.98"  771.16+241.19®
2,3-I% T 600-14-6 631.2 168.678  1.20795 59.04+10.13° 201.81£7.25° 72.74+4.63° 198.63+20.47*
RS T AWD 108-10-1 747.9 239438  1.17673 62.89+5.69¢ 85.01+4.27° 159.37+12.24°  197.94+38.44°
s 3-F3k-2-THIM 513-86-0 720 216.114 1.33358 63.11+8.71° 60.79+14.22°  667.48+114.63*  528.55+133.57°
AL T AM 108-10-1 689.8 193.443 1.18255  1034.46+41.67° 1099.56+18.34°  5507.76+93.34*  3642.98+71.30°
3-F BE-2- TR 565-61-7 764.4 254.393 1.4689 35.42+3.62° 39.38+8.91° 31.58+4.78° 284.39+80.25
3-EAM 96-22-0 670 184.483 1.3581 77.89+3.12¢ 174.81£61.75 76.62+5.23¢ 354.58+25.62°
2-HIBEDUSDmG-3-1  3188-00-9 7468 238.445  1.41585 5.64+1.24° 5.70+0.20° 8.24+1.47° 11.7+5.80°
3-1% D 96-22-0 1050.4 668.544 1.34618 16.26+2.11° 22.59+7.59° 17.81£6.27° 225.84+46.68"
AT 123-35-3 946.4 480.845  1.22171 128.74+51.49" 59.77+16.54° 117.47£10.70°  139.63+21.90°
B-IRIEM 127-91-3 1044.1 657.351 1.29659 68.65£14.07°  1392.04+£108.38"°  59.96+8.27° 381.96+442.71°
AEEEM 123-35-3 987.8 559.787 1.6387 52.40+4.39° 1021.77+£27.10° 46.66+4.04° 455.53+519.75°
[ES B-IRIED 127-91-3 938.1 466.37 1.22227 14.26+1.37° 303.28+15.44° 13.54+3.01° 82.19+116.58"
P-IRIGT 127-91-3 930.9 454.205 1.21552 60.92+23.22° 215.86+33.31° 36.42+2.37° 660.55+197.11°
HEEMD 123-35-3 999.7 583.034 122177 34.98+4.97° 34.51+3.77° 33.25+1.88° 193.2+120.96°
LNTiP 99-86-5 1038.3 647.17 1.21876 39.76+6.36°  376.92+168.09°  36.02+5.77° 189.77+87.47°
2-LHE-5-ENEIEM  13360-64-0  1017.6  611.919  1.66878  313.79£24.11°  266.22+16.07"  176.45£37.47°  228.38+41.14*
2-CHE-3-ENLIE  13360-64-0  972.5 529.14 1.16701 226.63+49.19° 84.45+16.58" 67.13+3.7° 63.69+4.48°
2-1;;;.36;514:!%[% 13360-64-0  1069.9 70481 12175 20731410 1423121973 26.62+4.14°  113.66£70.91°
MEEZE 23- T2 FNMEEM  15707-24-1 1111.2 787.957 1.22605 70.86+6.64° 1561.29+44.31° 59.84+6.85° 590.77+460.24°
23-ZZHMEED  15707-24-1 10427 654.776 1.22391 81.75+2.92¢ 176.33+2.62° 124.95+19.91° 265.30+3.07°
2-LH-5-HIHEMEED  13360-64-0 10439 656.983  1.66639 134.93£21.02°  268.25+24.52°  138.55+£15.82°  214.12+78.44®
2-2.3-3,5- I HLnik . . . "
WM 13360-64-0 10435 656247  1.73693 107.21£20.68 218.21+21.52 106.05£16.36°  195.95+104.23
FHEEUT REM 1634-04-4 7354 228724  1.12782  389.49+83.48'  1705.43+94.61°  619.92+2.63°  1144.08+42.81°
ikt FEAUTHEBED  1634-04-4  666.1 182.813 1.13094  223.04+75.28°  1111.71£66.21°  211.70+27.63°  336.97+32.93"
LB Ik 110-71-4 605.5 158.938  1.10931  400.55£120.10° 1339.98+253.79° 1340.97+27.75"  1107.30+£38.25°
TR 107-92-6 782.9 272.271 1.17335 50.04+22.56" 39.96+1.97° 50.72+4.36 85.44+19.01°
= 121-44-8 706.5 205.661  1.21678 11.16+0.45¢ 25.40+1.20° 37.41+5.35° 48.87+3.78"
2- K 3208-16-0  656.2 178.695  1.04932  5472.87+524.83° 6603.41+69.62° 5043.53+129.30° 4225.85+140.54°
HE g4 —maa3—8 . . \ .
TERM 3390-12-3  689.1 192.931 125456  241.38+28.16 533.49+32.89°  1273.23+46.68"  1788.34+82.34
2,4-T B 13-4 . . . .
3390-12-3  703.4 203336 1.12118  242.76+31.97 865.87+77.36 307.85+21.31 306.28+31.24

RIFD

: FATANRI R R 25 5 3 (P<0.05) o
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Fig.4 PCA diagram of volatile compounds in shrimp paste
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Fig.5 OPLS-DA diagram (A) and displacement test diagram
(B) of volatile compounds in shrimp paste
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Fig.6  VIP score plot (A) and cluster heat plot (B) of volatile
compounds in shrimp paste

SEES M, RS T RENR MR 2-FF T RE A A ke
CK-0 e, R Seib 54 ] 8 3= 2R K19
A R . 2,3- 188 T R R B R R DL R
KR AR, 2 s 1 kel 4 e XU MR A4 4
EFE RGP, R & CL-3 vh B-JR M D.
2,3- HH M. NJGER TR M. 2,4- 1 3-1,3-4
JER M A 2-F L T ) 2 i b CL-0 Wl 35 4 e, 3R
X LB A e R 2R A P A . 2-FF 3k
TEEEAA TS AR, RURE T DL R R XY
B 2,4- B 13- AU M 8 Thes b a4,
eSS IAE R K™ i T Ry i D, AE L
HRE R, X BRI AN KB, 5y — 7 T, BRARUER
¥ CL-3 9, 2-Z, 3Lk . H ARG M. H 3ER0T 0k
M. B-IR¥E M., HBEAUT Lk D, 2,3-— & Stk g
M FIA I & &, ABE T CL-0, WE RNEEEW T
R, Horh, 2- 256 | g-gikkas M, H AR M, H LR
T D, 2,3- 230 M RIS S

FEHH U INBRARUS | A3 BB A R S, TR T
SRS PR, o, nRI IS ) R B (B R
ALK, S BAAR XUBR TRk P, B RT3k ik HLAT 2
FRIMBIBRIE, 1T A-TRM M EA 2SR R Ao
Rk AR Y, i A e sy HLAT — e PR A
I, Bt AT T, FRARUITR SR 118 AR XU B8 T 52
2.3 EREURINTEME P RS E RIS
2.3.1 UREPYIERY o 2R34T Sobs 8 EUETE
FEAS R S BRUIN 2 ( RN R, B R s, BiIZAREAR
AT B B R RS2 . ACE 38 B0 BUE R,
RN IZAEAR T YRR E W, AR o e A
Chaol FREGE FARRFEAR TP Fh il £ 0%, Simpson
BECF Shannon +8#UH T RAEYFh Z4EPE, Shannon
FEBGHR R, FRONTAE YRS ZAEPE RS, Simpson +5
BOGZAAR S iraE R R 3 R,

FH2E 3 Al 0L, ZBEEE 0. 1. 3 JE AU b,
Sobs. ACE. Chaol #5453 i X i (% R, 2
BRI A B B3 T T RS T i R e R 4
PN S, o BRI A3 — T Bioe A2 g A vh Ay
TEAN K o PR T & TR B (CL-0) Py Pl = 8 BE 4R
=, BEE A T (CL-1. CL-3), Bt e b T
B KT, (R RS BRI I ATE
R E TR RIS LA, (A BEE DA PR Z T
ST, PR E B A T REAIL . M\ Simpson F§ E
Shannon $§E(FT LI H, KR4S TE] BRI 14 0 Fp
LR B S TR BB (P<0.05) . NGB A& B,
Fifi 2 W EA T, Xok B RS0 2 1) 3k PR TR 4302 A TE i 3525
5 (P>0.05), MiBHEEF %2 1Y) Shannon 5507 —
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(P<0.05), iX A] GBS HH FRifl &R WEEA T, SO vh Al
AEATIE R, PIFEBOR L, SRR TR, 456E
Al R, P R SR RT 0.99, F RN 45 DA S B
BARESH RN S AR
2.3.2 WFETPANTAM B ZREVESTHT B ZREERT A
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Table 3  Analysis of a diversity of bacterial community in shrimp paste during fermentation

i Sobs ACE Chaol Shannon Simpson (%)
CK-0 218+19.92° 219.11+20.88° 218.62+20.46" 2.85+0.05¢ 0.17+0.02* >99
CK-1 213.67+20.03° 215.47+21.48° 214.55+20.95" 2.94+0.05¢ 0.14£0.01° >99
CK-3 226+11.53° 227.91+11.57* 227.85+11.99° 2.93+0.06° 0.17+0.01* >99
CL-0 318.33+18.5" 322.36+18.4° 320.93+17.81° 3.57+0.06° 0.08+0° >99
CL-1 261.33+62.32° 262.4£63.91° 261.96+63.31° 3.66£0.07° 0.07+0.02° >99
CL-3 263+15.52° 263.46+15.59* 263.18+15.54° 3.23+0.21° 0.16+0.04* >99

4 [P E AR 22 57 3 (P<0.05) .
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Fig.7 PCoA diagram of bacterial community in shrimp paste
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Fig.10 Correlation cluster heat map of dominant bacteria
and main volatile compounds in shrimp paste
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