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Table 1  Biological enzyme activities in different co-fermentation systems
e a-FEBH e LR R PERE R HEAY BRI JRM T
g RUMHES Cpg AR mm  meate Wi Wiy Wtk i
A4 M (BU - mg ) M) (EU-mg') (EU-mg') (U-mg') (U-mg') (U-L')  (U-L7)
HO 24.718 68+ 0.001 72+ 0.100 97+ 0. 162 66+ 0.028 64+ 1.390 30+ 8.231 55+  20.061 51+ 4.713 89+
0. 706 52 0. 000 04 0. 002 46 0. 004 65 0. 000 80 0.030 90 0.211 07 0.477 66 0.094 28
HI 13.81547+  0.002 13+ 0.091 14+ 0.190 47+ 0.025 76+ 1.500 78+ 12.498 49+ 22.014 39+ 3.494 78+
0.394 73 0. 000 05 0. 002 22 0. 005 44 0. 000 72 0.033 35 0.320 47 0.524 15 0. 069 90
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MEERMZHEEAE LR 2, k2 /AL HE &
dn Tl AR 7= R SR AN 1 34, OTU | Chao , Simp-
son SEFEHIY AT Ja BRAR A e 34, Il & T
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FEPE A W R,

ANTRV AL K T 2R G rh O W 1T R 1 A X B
mME 6 FiR, HE 6a) ATANL4 NMILEBERG PN E
FALEHE 1M Firmicutes | Actinobacteriota , Bacteroid-
ota Fll Proteobacteria , H & 15 Y il P A& W%+ 09 11
PR [T A WK Firmicutes BESTEAR
5 URALFE R G b A7 00, B & 28 = LR, il
¥ ZFh SCFAs R /R \H, 1 CO,., ASLEREEIR
F M, Firmicutes AT =F BB A £ 5 Tl A2 7= % 55
Py Fn ik B 3G 0 S =5 U5 BE AR, 7E HO  HI  H2 i
H3 3t % B & Go b, HOAH X 3 5 2 B 52.4% |
45.8% 63. 1% .56. 7% , Hoh H2 LR BE R G b Fir-
micutes FRAAXT B e i, 0 63. 1%, SR G T L
i o e v B A e A — B, X TT RE S TR A
A7 SR AL 2 I ROK AL A YN Firmicutes $2 4t
T IR BN T, AR LR A R S B Tl A
PRSI K, R [ R G B RE
FHE, AT E M H] Firmicutes 19 5 4, ¥ 1 H3 4t
KEERG T, Firmicutes FYAHXT B TR 56. 7%,

K2 AR EABE ARG A DAL
FE Ao S HETAL
Table 2 Changes in the abundance and diversity of

microbial communities in different co-formentation systems

Coverage Shannon Simpson

HO 666 1 135.460 921.01 0.9910 2.56 0.200
H1 724 1023.0951010.91 0.9902 2.67 0.220
H2 535 775.300 720.53 0.9930 2.74 0.196
H3 394 751.340 583.88 0.9938 2.29 0.180
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Fig. 6 Relative abundance of microbial phyla and genera in different co-fermentation systems
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Abstract; To simultaneously address the treatment and disposal issues of food industry production waste and low
organic matter residual sludge, these two wastes were co-fermented. The performance of HO, H1, H2 and H3
co-fermentation systems under mass ratios of 0 : 1.0, 0.5: 1.0, 1.0 : 1.0 and 1.5 : 1. 0 was evaluated. Results
indicated that food industry production waste introduction significantly reduced hydrolysis performance but enhanced
acidification performance of the co-fermentation systems. In the H3 system, COD and volatile SCFAs concentrations
reached their maximum, being 2. 83-fold and 2. 30-fold higher than those in HO, respectively. As food industry
production waste dosage increased, NH;—N concentration decreased markedly (31.9% of HO in H3), while
PO, —P remained low ( <1.01 mg/L) due to Ca,(PO,), and CaNH,PO, precipitates. Enzyme activities varied
protease, acid phosphatase, and butyrate kinase decreased; a-glucosidase and alkaline phosphatase increased;
dehydrogenase was less affected; acetate kinase initially rose then declined. Appropriate food industry production
waste introduction also enriched functional microorganisms, including Firmicutes ( dominant acetic acid-producing
phylum, 63.1% in H2), Proteobacteria, Actinobacteriota, and Bacteroidota. Thus, food industry production
waste addition enables efficient acid production in low organic matter residual sludge co-fermentation systems.

Key words : food industry production waste ;low organic matter residual sludge ; co-fermentation ; biological enzymes;

functional microorganisms
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