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Abstract: To investigate the effects of fermentation strains and koji-making methods on broad bean koji production,
Aspergillus oryzae strains PNM003 and HUNIANG 3.042 were applied in disc koji-making and traditional open koji-making
systems. Changes in substrate temperature, microbial populations, enzymatic activities, physicochemical properties, free amino acid
composition, and volatile flavor compounds were systematically analyzed during the koji-making process. The results demonstrated
that disc koji-making maintained more stable substrate temperatures (30.8~34.4 °C ), increased mold counts by 11.52%~26.27%, and
significantly enhanced protease (16.40~406.79 U-g') and amylase activities (1 500.06~2 062.38 U-g") compared with open koji-
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making, indicating superior enzymatic performance. Amongn the tested strains, PNM003-fermented broad bean koji exhibited the

highest microbial abundance and enzymatic activities. Moreover, the broad bean koji prepared with A. oryzae PNM003 under disc

koji-making conditions showed significantly lower total acidity (1.00 g/100 g) than that produced by open koji-making, along with

improved visual appearance and a more favorable free amino acid taste profile. Volatile compound analysis revealed that PNM003

generated a richer and more diverse aroma profile than HUNIANG 3.042. Disc-koji-making further increased flavor diversity and

reduced the proportion of musty compounds to 0.38%~2.97%. These findings indicate that disc koji-making significantly enhances

the quality of broad bean koji, particularly when using the 4. oryzae PNMO003 strain, providing a scientific basis for optimizing

Doubanjiang (broad bean paste) fermentation processes and improving product quality.
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Fig.5 Free amino acid profile changes during koji-making with different strains and fermentation systems
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Table 1 Volatile components in different watercress songs

i E ARARRT B F /%

ﬁg PRE AR cas ok HN-D HN-O PN-D PN-O PR
10.687 TE hexanal 66-25-1 B 692 7.08 502 1146  BA. EEH. Tk
13.396 2'%}-&{;“‘; gg}i"i peni:;f)fg‘;’g;t;}ffﬁi‘fe'ster 40348-72-9 B 5945 0.00 6429 0.00 —

13.759  4-F 35 R BR F &5 methyl 4-methylvalerate ~ 2412-80-8 B 128 0.00 133  0.00 RAE. WA, WA
14.060 TER F B methyl-hexanoate 106-70-7 B 000 0.00 010 000 R&. BHE. b
14.535 R X BE 3-methyl-1-butanol 123-51-3 B 151 245 063 3.62 RAE. BA
15.114 2- R APk 7 2-pentyl-furan 3777-69-3 *k7h 0.64 1.68  0.55 2.11 A&, REE. 24
15.900 KB pentanol 71-41-0 B2 115 112 078 1.80 WA, WIRE
17159 3-%A-2-TH acetoin 513-86-0 B 0.00 0.0 028 000 HE. hE. HwE
17180 P4k LB OB methﬁ:gjcglizraCid’ 6290-49-9 B 020 000 000 0.0 —

18.226  2-F J-3-F IR R 2-methyl-3-octanone 923-28-4 BR) 000 0.00 0.16 0.00 —

18.539 2- R MBS (E)-2-heptenal 18829-55-5 &  0.66 0.00 030  0.00 Fik. HEHE
19.440 - hexanol 111-27-3 &  3.19 1233 241 1331  #%. 2%. 84
20.796 F T B octanoic acid, methyl ester ~ 111-11-5 &  0.00  0.00 0.14  0.58 BRA. EAE
20.993 eSS nonanal 124-19-6 B 035 121 037 0.80 A RE. RBE
21.654  3-F-2-FA oct-3-en-2-one 1669-44-9 #  0.00 0.00 022 0.0 ’ﬁ‘ié“;;z; HE
22.128 3'6’522'55'1’3' 3'“*‘-‘{1;:2?;‘:1'1’3' 61142367  # 028 0.00 023  0.00 —

22470 (E)-2-F (E)-2-octenal 2548870  # 120 000 085 000 EAE. lE. EF
22.989 3 acetic acid 64-19-7 B 142 0.00 0.00  0.00 A, Fi
23.065 2-FAJLHELFES methyl 2-methoxypropenoate 17639-76-8 & 0.00  0.00 291  0.00 —
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30.741 2-F N -1-B2 (E)-2-octen-1-ol 18409-17-1 &  0.00 0.00 0.00 0.69 HAG A, B
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32231 St 2.6.10.14-tetramethyl- 1921-70-6 & 041 000 0.00 0.00
32.364 -FATER Butanoic acid,3-methyl- 503-74-2  #  2.09 0.00 0.00 0.00 BA. WA
33.609 -tk eicosane 112958 %  0.11 000 034 0.76 —
33.761 (EE)24-F )it (E.E)-2,4-nonadienal 5910-87-2  E 033 0.00 022 000 R&. J5E. BwE
34.630 o~k B terpineol 98-55-5 B2 000 062 000 000 KA. AHEE. EE
35909  WHAKEEKKEN  oxime-, methoxy-phenyl-  67160-14-9 Ffb 122 049 1.03 057 —
36.960 —+ Ak pentacosane 629-99-2 7 028 0.00 0.00 0.00 —
36.979 s P 52 hexacosane 630-01-3 j=S 0.34 0.00 0.00 0.00 —
38.643 (EE)24-% ik (E,E)-2.,4-decadienal 25152-84-5 & 0.17 039 0.18 0.50 RA&A. BERE. HEEH
39.200 &R anethole 4180-23-8 &  0.00 0.00 0.10 0.00 A BAE. FR
40.250 4'%%_';‘% 4-ethyl-3-nonen-5-yne  74685-67-9 ¥& 028 0.0 021  0.00 —
41847  +oomiEEmS 2,2,4-trimethyl-1,3- 6846-50-0 B 261 604 044 127 -
pentanediol diisobutyrate
44452 Ea: phenylethyl Alcohol 60-12-8 B  0.00 046 0.8 0.8 A BOLE
47.816 K & 88 W OS5 methyl tetradecanoate 124-10-7 B 026 125 039 0.00 A
43437 o AsppE pEy  (Dro-octadecenoicacid, oan 0 0w 086 469 133 470 —
methyl ester
s1a15 T TATRE (S)12-methyltetradecanoic )01 65 ¢ w000 075 000 1.08 -
¥ B acid, methyl ester
I ] R pentadecanoic acid, methyl ”
51.735 A KRER T B oster 7132-64-1 B 029 000 038  0.00 —
52.043 L B F B methyl linoleate 112-63-0 @& 136 895 279 775 KA. wA
52361 WA+ =g pay mdecanoicacid, 12-methyl, 5100 o0 w000 077 000 239 —
methyl ester
53.491 I 3 R T B linoleic acid ethyl ester 544-35-4 B  0.00 0.00 027 0.00 RA. wmgH
54207  +o<EAFES hexadecanoic acid, 112-39-0 B  6.04 2297 7.80 26.10 R4y, A, AR
methyl ester
54315 4-THACOIAB 4-vinyl-guaiacol 7786-61-0 B 0.00 6.11 0.00 653 Fk#y. LA, WER
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Fig.6 Total ion current chromatogram of broad bean koji

produced by different strains and fermentation systems
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Fig.7 Volatile compound characteristics of broad bean koji produced by different strains and fermentation systems
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