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Abstract: This study investigated the co-fermentation of shrimp shells/heads and soybean substrates using a Mucor,
Rhizopus oryzae, and Aspergillus oryzae mixed culture system. The microbial ratio was optimized through orthogonal
experiments, with amino nitrogen content and sensory attributes serving as key assessment criteria. The optimal
fermentation conditions were further validated by volatile flavor analysis. Additionally, the quality of laboratory-produced
shrimp paste was compared with commercial products based on color parameters, total volatile basic nitrogen, pH, and free
amino acid composition. The result showed that an optimal inoculum ratio of 3:1:3 (Mucor:Rhizopus oryzae:Aspergillus
oryzae) yielded shrimp paste with 1.19 g/100 g amino nitrogen and a 92.53-point sensory score. Key aromatic compounds,
including pentanal (monomer/dimer), hexanal, 3-pentanone, 3,5,5-trimethyl-2-cyclohexen-1-one, and ethyl acetate,
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demonstrated superior relative odor activity values. Compared with them to commercial counterparts, our formulation

exhibited enhanced color parameters (a’=12.26, b*=19.91), lower total volatile basic nitrogen (117.98 mg/100 g), a higher

proportion of umami amino acids (20.78% of total amino acids), and a lower proportion of bitter amino acids (42.77% of

total amino acids). Fourier-transform infrared spectroscopy, X-ray diffraction, and scanning electron microscopy analyses

confirmed that the proteins in the shrimp byproducts were fully utilized during fermentation, with the remaining insoluble

fractions exhibiting the characteristic functional groups, crystalline structure, and microscopic morphology of a-chitin. The

findings of this study demonstrate that mixed-strain fermentation enhances flavor characteristics while reducing the

accumulation of undesirable metabolites, providing both a theoretical foundation and technical support for the value-added

utilization of shrimp by-products and industrial-scale production of premium shrimp paste.

Key words: shrimp paste; multi-strain fermentation; process optimization; Mucor; Rhizopus oryzae; Aspergillus oryzae;

physicochemical property; flavor substance
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Table 2 Shrimp paste sensory evaluation standard
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GG B (ng/kg ) 5 Cypn AT AR AR BT K
AP AT BT 43 Els Ty, 9%t A XUBR B ik e K
LS PR I (pg/ke) o
1.2.9 @AFEMIE  FFHS G AT KRR 5 1Y
FEREE(LY) . 2T EEH(a”) . FEEEE (DD B TIRE o
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sl A 2 40 mmol/L FBEIE — & 4N (pH7.8),
T A B A HLAHEE W (2 - F B i alizk= 45:
45:10, v/v); FidE N 2 mL/min, BEEEBEAR . B EEBEAL
F2)¥: 0~18.10 min 100% i sl#H B, 18.10~23.20 min
100% s #H A, 23.20~26.00 min 43% i s FH A+
57% i shAH B, 26 min 100% FishtH Ao

1.2.13 FTIR M ARHE Hao S5P% HIBE 197774,
g FHLL A GRS AE 4000~500 em™ PR E0E F P i)
SENFFER AN A BENFFER Y FTIR &3, S0 3R T
BTSN 4 ecm™! AT 32 IR,

1.2.14 XRD EHEMINRE =% Hao 5570 S5HRIENY
J7 ik, [ FABLAS Cu-Ko 847109 XRD )52 HRSE45 A1
K EENRSE By Y XRD &3, b 4 A B (20)
5°~50°, G E N 5°/min.,

1.2.15 FORZEMIE  #k SEM ESHRSER A

ROAV =




4785 H TH

BN, 45 ZRMNR R T2 S A B - 275 -

RPREURSEA BT EE S o A R S U B FE TR s
PR IR 5T 853 R A TR MR 5 Ay 350 5 1 S AE AR IR W 4 |,
24 )5, FIFH SEM 7E 10000 TR RAZ 3R BEATW
g, Hob, RN RS S kv,
1.3 HENIE

A s /TR 3 IR, SRS R LS EARR
WERZE TR . BdER ) Origin 2021 BAAERE, R H
SPSS 26 #{}34T Duncan #3657 E0 8 4T =M
S3AT, Horb i 25K 0.05,
2 HBRE5SH
2.1 EXRREERSH

22 B FPTR A R R4S MR i T E S AR B 4%
NFe 3 Pirn. &Mz2E R ST EEL, B5El . kb
FIKRARER XU 2 S ARV B TR 1 SE I AR IR
WG . ZWEPIR G KBRS U B ILAE A
AB\C,, BpEdg il : kAR gl kil oy 3:1:3(3k
350 g) o TEIZAHG T RBER A& IR 2 S A & i
ik 1.19 g/100 g, BYE PES> 92.53 43, 4550, SR H
B KRR ALK th & it = AR 2 BT A
ST s SEe oY I T NG a e i /) AN ) 5 N (1E 7wy
WG Y 2 B L & B AR E ST .

*3IEZARAR
Table 3 Results of orthogonal tests
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Fig.1 3D topographic map and 2D difference map of volatile
compounds in shrimp paste
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Fig.2 Fingerprints of volatile compounds in shrimp paste
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Table 4 Key volatile compounds in shrimp paste
kB (k) R A kb ROAV
=X 5 o %
7 A ng/kg Gl m 2 3 4 5 6 7 8 9

1 0.012 1EJE# (D) T/ 5570 5848 6272 6274 5144 7223 10030 6557 53.12
2 0.012 B (M) ™F 396 406 413 427 353 394 5.29 3.54 357
3 0.005 I BRIFAA 2837 2346 2586 3544 33.85 3758 4272 3694 20.76
4 0.04 3-SR (M) it 7 0.92 131 1.40 192 296 262 5.18 268 074
5 0.3 3,5,5- = F - 2- I L 0~ 1] R 0.64 061 077 067 041 056 1.21 047 048
6 0.5 LR T BRPE 149 152 155 168 165 169 226 173 187
7 0.02 2-Z, T JE-2-WEmE Rtk RIEE 475 372 387 457 9.09 573 8.36 9.86  3.70
8 0.0085 JR-2- O WRRE 227 241 279 295 357 216 1.77 3.01  3.16
9 0.014 35 HE2-THR HETHR 352 225 242 285 196  2.03 2.93 299  1.34
10 0.003 2,6-— F Lk NS 2341 33.16 3892 27.68 2521 2338 3283  29.04 31.72
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Az i, BETTER RS 7 S AR
23 EHINE ST EIMEIRIL RO L
AT LTI | BRI IR S X R, 2GR
T ZWAME S R AT S iR B b e, & 3
WOR T ASHESE B RS TE 05 . R M ER AR
pH S CHFRPRIDETE . AT, H H iR 2 8
TR LLAR A, SR ™ S T i I8 B X Lh
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(b) 60p - 5 FUBIRE TS S R o B
¥ a 75 M Table 5 Free amino acid content of homemade shrimp paste
ast |0 and commercially available shrimp paste
Fﬁw% - : I R it (mgf 100 @)
ke 5 30¢ e AR
2 PNRES 1AV 95.89+0.62" 190.65+0.55"
5T b 2 b HEW(Glu) 151.29+8.06° 187.13+5.87°
: 225312 (Ser) 21.57+0.38" 50.78+0.66"
eyt 0 o ) e 4 (His) 35.0042.79° 24.58+0.64°
HE® (Gly) 42.38+1.81° 144.64+5.32°
(c) 400 d 10 F2 % (Thr) 50.54+0.97" 72.40+0.79°
® iR (Arg) 44.88+0.78" 168.63+1.25°
g 3207 a 81 a 2% (Ala) 83.63+0.71° 254.46+2.71*
é’ 240 b ol b ik 2 (Tyr) 47.44+0.20° 26.97+0.38"
= - I (Cys) 45.3241.58 56.65+9.20°
2 160 = ul B R (Val) 56.68£0.42" 123.78+1.71°
;5_5 b AR (Met) 23.94+0.40° 78.32+1.86°
g sor 2t AR (Phe) 83.777.27° 112.70+2.07°
- Sse iR (1le) 62.35+0.68" 134.11£1.67*
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